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Neural Thread Protein Gene Expression and 
Detection of Alzheimer's Disease 



PCT/US95/17ni 



Field of the Invention 



The present invention is in the field of genetic engineering and 
molecular biology. This invention is directed to recombinant hosts expressing 
novel proteins associated with Alzheimer's Disease, neuroectodermal tumors, 
malignant astrocytomas, and glioblastomas. This invention is specifically 
directed to the recombinant hosts and vectors which contain the genes coding 
for the neuronal thread proteins. This invention is also directed to 
substantially pure neural thread proteins, immunodiagnostic and molecular 
diagnostic methods to detect the presence of neural thread proteins, and the 
use of nucleic acid sequences which code for neural thread proteins in gene 
therapy. 
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Background of the Invention 

Alzheimer's Disease 

Alzheimer's Disease (AD) is the most frequent cause of dementia in 
the United States, affecting over two million individuals each year. It is a 
degenerative brain disorder characterized clinically by loss of memory, 
confusion, and gradual physical deterioration. It is the fourth most common 
cause of death. The etiology of the disease is vutually unknown but has been 
attributed to various viruses, toxins, heavy metals, as well as genetic defects. 
The disease is at present incurable. 

Until quite recently, AD was thought to account for relatively few of 
the cases generally classified as senile dementia. Other factors can lead to 
such a condition, including repetitious mild sn*okes, thyroid disorders, 
alcoholism, and deficiencies of certain vitamins, many of which are potentially 
treatable. It can be appreciated, then, that a diagnostic test specific for AD 
would be very useful for the clinical diagnosis and proper clinical treatment 
of subjects presenting with symptoms common to all of these conditions. 

The brains of individuals with AD exhibit characteristic pathological 
accumulations of congophilic fibrous material which occurs as neurofibrillary 
tangles within neuronal cell bodies, and neuritic (or senile) plaques. 
Neurofibrillary tangles may also be found in the walls of certain cerebral 
blood vessels. The major organized stnictural components of ncurofibrillaiy 
tangles are paired helical filaments. Qualitatively indistinguishable amyloid 
deposits also occur in normal aged brains but in much smaller numbers with 
restricted topographical distribution. 

There has been considerable recent investigative activity regarding the 
characterization of proteins found in neuritic plaques and neurofibriDary 
tangles of AD and other neurologic diseases. One of the amyloid proteins 
initially described by Glenner et al. has been cloned and sequenced (Glenncr 
etal, Biochem, Biophys. Res. Commun. i2a:113M135 (1984); U.S. Patent 
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No. 4,666,829). The A4 amyloid protein found in neuritic plaques and blood 
vessels has been determined to be a component of a 695 amino acid precursor; 
a protein postulated to function as a glycosylated cell surface receptor 
(Masters et al, Proc. Natl Acad. ScL USA 52:4245^249 (1985), KzDgetal, , 
Nature 525:733-736 (1987)). In addition, the amyloid protein has been 
postulated to function as a cell adhesion molecule and as a calcium ion 
channel protein (Hooper, J, NIHRes. 4: 48-54 (1992); Rensbergcr. Wayward 
Protein Molecule May Be Elusive Killer of Brain Cells, The Washington Post, 
JanuM7 25, 1993. §1, at A3 (1993)). The gene coding for A4 is located on 
chromosome 21 (Kang et al, ibid.; Goldgaber et a!,. Science 255:877-880 
(1987); Tanzi et aL, Science 255:880-885 (1987); St. George-Hyslop et aL, 
Science 255:885-889 (1987)) but apparently is not linked to the familial form 
of the disease (Van Bioekhoven et aL, Nature 529:153-155 (1987)). There 
appears to be little, if any. protein sequence homology between amyloid A4 
and B protein, their higher molecular weight precursor, and pancreatic thread 
protein (FTP) (Gross et aL, J. Clin. Invest. 75:2115-2126 (1985)). 

A number of other proteins thought to be associated with the disease 
have been described, including Ubiquitin, ALZ-50, micrombular-associated 
protems t and MAP2, and neurofilament protein (see, for example, Manetio 
et aL, Proc, NaiL Acad, Sci. USA 65:4502^505 (1988); Wolozin et aL, 
Science 252:648-651 (1986); Sclkoe. NeurobioL Aging 7-A25A32 (1986); 
Perry et aL, in: Alterations of the Neuronal Cytoskeleton in Alzheimer's 
Disease, Plenum, New York, pp 137-149 (1987)). More recently, a serine 
protease inhibitor called aj-anti-chymotrypsin has been found in AD amyloid 
deposits (Abraham fi/fl/.. Cell S2:4B7-501 (1988)). 

There is currently no useful diagnostic test for AD being practiced 
clinically. A defmitive diagnosis is possible only postmortem, or during life 
through a brain biopsy, to reveal the presence of the characteristic plaques, 
tangles, paired helical filaments, and other cerebrovascular deposits which 
characterize the disorder. Such an invasive surgical procedure is inherently 
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dangerous and is tberefote rarely utilized. As a result, the clinical misdiag- 
nosis of AD is estimated to be approximately 20%-30%. 

Thread Protons 

The proto^pe thread protein molecule is pancreatic thread protein 
(FTP) which bears die unusual physical properQ^ of fonning insoluble fibrils 
at neutral pH, but is highly soluble at acid or alkaline pH (Gross et al, 
supra), FTP is highly abundant, synthesized by pancreatic acmar cells, and 
secreted into pancreatic juice in concentrations exceeding 1 mg/ml (Id,). An 
increased thread protein immunoreactivity has been demonstrated in brains 
with AD lesions, using monoclonal antibodies to FTP (Ozturk et al , Proc. 
NaiL Acad. ScL USA 56:419-423 (1989)). In addition, a highly sensitive 
forward sandwich immunoradiometric assay was used to demonstrate that at 
least three distinct antigenic epitopes were shared between FTP and the related 
protein in the brain (Id,) Despite similarities, the pancreatic and neuronal 
fonns of the thread protein are abnost certainly distinct since the mRNA 
molecules and proteins differ in size, and many of the antigenic epitopes 
which are present in the pancreatic thread protein are not detectable in brain 
tissue (de la Monte et. al., J. ain. Invest. 55:1004-1013 (1990); de la Monte 
et. al,, J, Neurol. ScL i7i:152-164 (1992); de la Monte et al,, Ann. Neurol 
32:133-141 (1992)). 

The central nervous system form of the thread protein, designated 
hereafter as "neural thread protem" (NTF). has been identified m AD and 
Down's Syndrome brain tissue (Wands et al,. International Application 
Publication No. WO 90/06993). NTF has been found in all AD brains stodied 
where characteristic neuropathologic changes of the disease exist (Id,). The 
saline- extractable soluble immunoreactivity shares has a molecular weight of 
approximately 17 to 20 kD (Id,), 

Quantitative measurements of NTF inununoreactivity in various regions 
of AD brains revealed levels varying from 12 to 295 ng/gm tissue (Mean = 
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116 ng/gm tissue) compared to 1-11 ng/gm tissue (Mean - 5 ng/gm tissue) 
in coixq>arable ares of control brains (Id.). 

Inununocytochemistxy perfonned with monoclonal antibodies directed 
against the pancreatic fonn of FTP demonstrated that NTP is localized within 
cells, within fine processes within the neuropil, or is extracellular in both AD 
and Down's Syndrome brains (Id.). Two ^pes of cell contain NTP: neurons 
and astrocytes (Id,). The affected neurons are the large pyramidal type which 
typically contain the neurofibrillary tangles well known in AD brain (Id,). 

That NTP accumulation within neurons is intrinsically important or 
integrally related to the evolution of AD lesions is corroborated by the 
presence of identical patterns of immunolabeling for NTP m Down's 
Syndrome brains, but not in control brams (Id.). It is important to note that 
the same structural abnormalities of AD occur in brains of all middle-age 
individuals with Down's syndrome, whether or not they are demented. There 
is also a higher incidence of AD in family members of Down's Syndrome 
patients. Moreover, the regional differences in the densities of NTP-contain- 
ing neurons parallels the density distributions of neurofibrillary tangles in both 
AD and Down's Syndrome. This provides further evidence that NTP is 
germane to the pathophysiology of AD. Whether NTP accumulates within 
neuronal perilcarya, as a result of aberrant cellular metabolism or transport is 
not yet known. 

Summary of the Invention 

A need exists for a defmitive diagnostic test which can be performed 
on individuals suspected of havipg, or being at risk for AD. The present 
invention satisfies such needs and provides further advantages. 

The manner in which these and other objects are realized by the 
present invention will be apparent from the summary and detailed description 
set forth below. 
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Unless defined otherwise, various terms used herein have the same 
meaning as is well understood in the ait to which the invention belongs. All 
cited publications are incoiporated herein by reference. 

This invention is directed to recombinant hosts expressing novel 
proteins associated with Alzheimer's Disease, neuroectodeimal tumon, 
malignant astrocytomas, and glioblastomas. This invention is specifically 
directed to the recombinant hosts and vectors which contain the genes coding 
for the neuronal thread proteins (NTP) havii^ molecular weights of about 8 
kDa, 14 kDa. 17 kDa, 21 kDa, 26 kDa or 42 kDa. This invention is also 
directed to the substantially pure neural thread proteins, immunodiagnostic and 
molecular diagnostic methods to detect the presence of neural thread proteins, 
and the use of nucleic acid sequences which code for neural thread proteins 
in gene therapy. 

In particular, the invention includes a method for detecting and 
quantitating an NTP in a human subject, comprising: 

(a) contacting a biological sample from a human subject that 
is suspected of containing detectable levels of an NTP with a molecule capable 
of binding to the NTP; aid 

(b) detecting the molecule bound to the NTP. 

The invention additionally includes the method as above, wherein the 
binding molecule is selected from the group consisting of: 

(a) an antibody substantially free of natural impurities; 

(b) a monoclonal antibody; and 

(c) a fragment of (a) or (b). 

The invention additionally includes the method as above, wherein the 
detectmg molecule is detectably labeled and where a combination of such 
binding molecules is used. 

The invention additionally includes a method for detectii\g the presence 
of a genetic sequence coding for an NTP in a biological sample using a 
polynucleotide probe derived from a recombinant human NTP of this 
invention. 
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Tbe invention addidonaliy includes a method for determining the 
presence of a condition in a human subject, said condition including, but not 
limited to, the group consisting of Alzheimer*s Disease, the presence of 
neuroectodermal tumors, the presence of malignant astro^mas, and the 
presence of gliomas. 

The invention additionally includes a method of diagnosing the 
presence of AD in a human subject suspected of having AD which comprises: 

(a) incubating a biological sample from said subject suspected of 
containing an NTP with a molecule capable of identifying an NTP; and 

(b) detecting the molecule which is bound in the sample, wherein 
the detection indicates that the subject has AD. 

The invention additionally includes a method of diagnosing the 
presence of neuroectodermal tumors in a hiunan subject suspected of havmg 
neuroectodermal tumors which comprises: 

(a) mcubating a biological sample from said subject suspected of 
contairung an NTP with a molecule capable of identifying an NTP; and 

(b) detecting the molecule which is bound in the sample, wherein 
the detection indicates that the subject has neuroectodermal mmors. 

The invention additionally includes a metiiod of diagnosing the 
presence of a malignant astrocytoma in a human subject suspected of havixig 
a malignant astrocytoma which comprises: 

(a) incubating a biological sample from said subject, which is 
suspected of containing an NTP, in the presence of a binding molecule capable 
of identifying an NTP; and 

(b) detecting molecule which is bound in tiie sample, wherein the 
detection indicates that the subject has a malignant astrocytoma. 

The invention additionally includes a method of diagnosing the 
presence of a glioblastoma in a human subject suspected of having a 
glioblastoma which comprises: 
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(a) incubating a biological san^le from said subject, which is 
suspected of contaming an NTP, in the presence of a binding molecule capable 
of identifying an NTP; and 

(b) detecting molecule which is bound in the sample, wherein the 
detection indicates that the subject has a glioblastoma. 

The invention additionally includes the methods as above, wherein a 
biological sample is removed a human subject prior to contacting the sample 
with the molecule. 

The mvention additionally includes the methods as above, wherein 
detecting any of the molecules bound to the protein is performed by in situ 
imaging. 

The invention additionally includes the methods as above, wherein 
detecting of any of the molecule bound to the protein is performed by in vivo 
imaging. 

The invention additionally includes the methods as above, wherein the 
biological sample is reacted with the bmding molecule in a manner and under 
such conditions sufficient to deteimine the presence and the distribution of the 
proteiiL 

The invention additionally includes the methods as above, wherein a 
detectably labeled binding molecule of aa NTP is administered to a human 
subject. 

The invention additionally inchides the methods as above, wherein the 
binding molecule is bound to the protein in vivo. 

The invention additionally involves an NTP substantially free of any 
natural impurities and having a molecular weight of about 42 kDa. 

The invention additionally involves an NTP substantially free of any 
natural impurities and having a molecular weight of about 26 kDa. 

The invention additionally includes an NTP substantially free of any 
namral impurities and having a molecular weight of about 21 kDa. 
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The inveotion additionally includes an NTP substantially free of any 
natural xnq)urities and liaving a molecular weight of about 17 kDa. 

The invention additionally includes an NTP substantially &ee of any 
natural impurities and having a molecular weight of about 14 kDa. 

The invention additionally includes an NTP substantially free of any 
natural impurities and having a molecular weight of about 8 kDa. 

The present invention also particularly relates to the diagnostic methods 
recited above, wherein the immunoassay comprises two different antibodies 
bound to a solid phase support combined with a third different detectably 
labeled antibody in solution. 

The invention is also directed to a method of producing an NTP, said 
method comprising: 

(a) culturing a recombinant host comprising a human gene 
coding for said NTP; and 

(b) isolatmg said NTP from said host. 

Additionally, the invention is directed to a substantially pure NTP 
obtained by the such a process. 

The invention is also directed to an 15- to 30-mer antisense 
oligonucleotide which is complementary to an NTP nucleic acid sequence and 
which is nonhomologous to PTP nucleic acid sequences, as well as 
pharmaceutical compositions comprising such oligonucleotides and a 
pharmaceutically acceptable carrier. 

The invention is also directed to ribozymes comprising a target 
sequence which is complementary to an NTP sequence and nonhomologous 
to PTP nucleic acid sequences, as well as pharmaceutical compositions 
comprising such ribo2ymes and a pharmaceutically acceptable carrier. 

The invention is also directed to a method of achieving pharmaceutical 
delivery of NTP molecules to the brain through acceptable carriers or 
expression vectors. 

The invention is also directed to oligodeoxynucleotides that form triple 
stranded regions with the various NTP genes (nucleic acid sequences) and 
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which arc nonhomologous to FTP nucleic acid sequences, as well as 
pbannaceudcal compositions comprising such oligodeoxynucleotides and a 
phannaceutically acceptable carrier. 

The invention is also directed to the therapeutic use of NTP-derived 
molecules or fragments thereof to modify or improve dementias of the 
Alzheimer's type of neuronal degeneration. 

The invention is also directed to methods for the differential diagnosis 
of sporadic and famOial Alzheimer's disease. 

Brief Description of the Drawings 

Figures lA-lJ show neural thread protem immunoreactivity in CNS- 
derived tumors. 

Figure 2 depicts a graph showing neural thread protein levels in 
PNETl, PNET2. A172. C6, and Huh7 hepatocellular carcinoma cells 
measured by a forward sandwich monoclonal antibody-based 
immunoradiometric assay (M-IRMA). 

Rgure 3 shows molecular size of neural thread proteins in SH-Sy5y. 
A172, and C6 cells demonstrated by immunoprecipitation and Western blot 
analysis using the Th9 monoclonal antibody. 

Figure 4 shows molecular sizes of neural thread proteins in PNETl 
cells (a) and C6 glioblastoma cells (b) demonsoated by pulse-chase metabolic 
labeling with ^S-methlonine, and immunoprecipitation with Th9 monoclonal 
antibody (Figure 4A). The molecular weights are 8. 14, 17, 21, 26 and 42 
kDa (arrows). 

Figures 5A-5E depict a series of five graphs showing the 21 kDa and 
17 kDa neural thread proteins in SH-Sy5y, PNETl, A172, and C6 cells and 
the absence thereof in Huh7 cells by SDS-PAGE/M-IRMA. 

Figure 6 depicts a gel showing that the 21 kDa neural thread protein 
in C6 glioblastoma cells is phosphoiylated. 
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Figure 7 depicts a bar graph showing altered neural thread protein 
expression in PNETl cells with growth phase. 

Figures 8A-8F show altered phenotype of PNETl cells with cessation 
of cell growth and bvemight seram starvation. 

Figure 9 shows the l-9a partial cDNA sequence, and Figure 9A shows 
a partial sequence of the second 5' anchor PCR product corresponding to the 
5' region of the l-9a cDNA (WP5' Sequence). 

Figure 10 shows alignment of partial sequences between l-9a and 
human PTP and the Reg gene (the nucleic acid sequence corresponding to the 
genomic clone of human PTP). 

Figure lOA shows alignment between l-9a and Exon 2 of the human 
Reg gene, and between the first 5' anchor PCR product of l-9a (WP03-417) 
and Exon 2 and Reg. 

Figure lOB shows alignment between the l-9a and its second 5' anchor 
PCR product (WP5') and AD 3-4 and AD 2-2 cDNAs. 

Figure llA shows the partial nucleic acid and deduced amLoo acid 
sequences of the HB4 cDNA. Figures IIB and IIC show a protein 
hydrophilicity window plot. Hydrophilicity Window Size = 7; scale = Kyte- 
Doolittle. 

Figure IID shows alignment between HB4 and human PTP. 

Figure HE shows alignment between HB4 and human Reg gene. 

Figures 12A-12C show the expression of mRNA molecules 
corresponding to the l-9a CNS neural thread protein cDNA sequence in 
neuroectodennal tumor cell Imes and m rat pancreas. 

Figures 13 A and 13B show mRNA transcripts corresponding to the 
l-9a CNS neural thread protein cDNA sequence in human brain. This figure 
also demonstrates higher levels of l-9a CNS neural thread protein-related 
mRNAs in AD brains compared with aged-matched controls (Figure 13A). 
Figure 13B demonstrates four different transcripts with greater abundance of 
the lower molecular size mRNAs in AD compared with aged controls. 
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Figures 14A-14C show l-9a Southern blot analysis of RT/PCR-derived 
cDNAs in neurocctodennal cell lines. A- and B-PCR amplification of l-9a 
mRNA sequences in neuroectodermal cell lines, and using mRNA from 
newborn rat (N6) brain, AD brain, and aged control brain. Figure 14A is a 
longer exposure of Figure 14B. Figure 14C shows hybridization of the same 
blot using the 018 rat FTP probe. 

Figures 15A and 15B (SE-RT/PCR) show hybridization of the l-9a and 
018 probes with several clones isolated from SH-Sy5y cells by reverse 
transcribing mRNA and amplifyiiig with primers corresponding to the known 
sequence of the l-9a partial cDNA. 

iMgures 16A, 16D and 16E show the partial nucleic acid sequences of 
the AD 2-2 cDNAs isolated from the AD bram library. Figures 16B and 16C 
show a hydrophilicity window plot of AD2-2 T7. Hydrophilicity Window 
Size = 7; scale = Kyte-Doolittle. 

Figures 16F, 161, 16J and 16K show the partial nucleic acid sequences 
of the AD 3-4 cDNAs isolated from the AD brain library. Figures 16G and 
16H show a hydrophilicity window plot of AD3-4. Hydrophilicity Window 
Size = 7; scale = Kyte-Doolittle. 

Figures 16L, 16M and 16N show the partial nucleic acid sequences of 
the AD 4-4 cDNAs isolated from the AD brain library. 

Figure 160 shows the partial nucleic acid sequences of the AD 16c 
(also called AD 10-7) cDNAs isolated from the AD brain library. Figures 
16? and 16Q show a hydrophilicity window plot of AD16c-T7. 
Hydrophilicity Window Size = 7; scale = Kyte-Doolitde. 

Figure 16R shows the complete nucleotide sequence of the ADlO-7 
cDNA clone that was isolated from an AD library. 

Figure 16S shows the complete nucleotide sequence of the AD 16c 
cDNA clone that was isolated from the AD brain library. 

Figure 17 shows alignment of partial sequences between AD 2-2 and 
human Reg gene. 
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Figure 17A shows aligmnent of partial sequences between AO 2-2 and 
Exon 1 of Reg and rat FTP. 

Figure 17B shows aligmnent of partial sequences between AD 2-2 and 

l-9a. 

Figure 17C shows alignment of partial sequences between AD 2-2 and 
AD 16c. 

Figure 18 shows alignment of partial sequences between AD 3-4 (also 
called AD 5-3) and the Reg gene. 

Figure 18A shows alignment of partial sequences between AD 3-4 and 
the 5' anchor PCR products of the l-9a mRNA. termed WP03-5 and 18-4. 

Figure 18B shows alignment of partial sequences between AD 3-4 and 
the G2a-a EcoWPstl genomic clone. 

Figure 19 shows alignment of partial sequences between AD 4-4 and 
AD 2-2 and l-9a (also called SE-4 corresponding to the PCR clone which is 
identical to l-9a). 

Figure 20 shows alignment of partial sequences between AD 1^ and 
Reg gene. 

Figure 20A shows alignment of partial sequences between AD 16c and 
human FTP. 

Figure 20B shows alignment of partial sequences between AD 16c and 
AD 2-2. 

Figures 21 A-21D show a genomic Southern blot analysis usmg the AD 
3-4 as a probe; Figure 2 IB shows a similar pattern of hybridization on a 
genomic Southern using AD 2-2 as a probe. Figures 21A-21D show a 
Nortem blot analysis of neuroectodermal tumor cell lines using AD 3-4 as 
a probe. The four cell lines that exhibit AD 3-4 transcripts are neuronal in 
phenotype; C6 glioma cell mRNA did not hybridize with the AD 3-4 probe. 
Figure 21D shows a Northern analysis of human AD and aged control brain 
temporal lobe tissue using the AD 3-4 probe, and demonstrates over- 
expression of the corresponding gene in AD (izncs labeled A) compared widi 
aged control brains (lanes labeled C). 
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Figures 22. 22A, 22B, 22C. 22D. 22E, 22F, 22G and 22H show 
partial sequences of four genomic clones (isolated using both the l-9a cDNA 
and rat FTP 0-18 cDNA as probes. 

Figures 23 and 23A show the alignment of the G2a-2 Pstl partial 
sequence with the Reg gene. 

Figure 23B shows alignment of the G2a-2 Psil-EcdBl sequence and the 
Reg gene and the rat FTP. 

Figures 23C and 23D show the alignment of the G5d-1 ftti sequence 
and the Reg gene. 

Figures 24A-24D show neural thread protein expression by the l-9a 
cDNA (Figure 24A) and the G2a-2 Pstl genomic clone (Figure 24B). Figures 
24C and 24D show negative expression by the G5d-1 EcoBUPstl genomic 
clone, and pBluescript which lacks a cloned insert, respectively. 

Figures 25A and 25B depict a Northern blot analysis of AD16c mRNA 
in AD and aged control brains. The data shows elevated levels of AD16c 
mRNA expression in 6 of 9 AD compared to 1 of 6 age-matched controls. 

Figure 26 depicts a Western blot analysis of ADlO-7 fusion proteins 
using monoclonal antibodies against the expressed tag protein (T7-tag mouse 
monoclonal antibodies. 

Figures 27A and 27B depict brightfield and darkfield microscopic 
analysis of the in situ hybridization of sense and antisense cRNA probes to 
human brain tissue sections of early AD. 

Definitions 

In the description that follows, a number of terms used in recombinant 
DNA technology are utilized extensively. In order to provide a clear and 
consistent understanding of the specification and claims, including the scope 
to be given such terms, the following definitions are provided. 

Clomng vector, A plasmid or phage DNA or other DNA sequence 
which is able to replicate autonomously in a host cell, and which is 
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characteiized by one or a small number of restriction endonuclease recognition 
sites at which such DNA sequences may be cut in a detenninable fashion 
without loss of an essential biological function of the vector, and into which 
a DNA fragment may be spliced in order to bring about its replication and 
cloning. The cloning vector may further contain a marker suitable for use in 
the identification of cells transfoimed with the cloning vector. Markers, for 
example, provide tetracycline resistance or ampicillin resistance. 

Expression vector. A vector similar to a cloning vector but which is 
capable of enhancing the expression of a gene which has been cloned into it, 
after transfoimation into a host. The cloned gene is usually placed under the 
control of (i.e., operably linked to) certain control sequences such as promoter 
sequences. Promoter sequences may be either constitutive or inducible. 

Substandally pure. As used herein means that the desired purified 
protein is essentially free from contammating cellular components, said 
components being associated with the desired protein in namre, as evidenced 
by a single band following polyaciylamide-sodium dodecyl sulfate gel 
electrophoresis. Contaminating cellular components may include, but are not 
limited to, proteinaceous, carbohydrate, or lipid impurities. 

The term "substantially pure" is further meant to describe a molecule 
which is homogeneous by one or more purity or homogeneity characteristics 
used by those of skill in the art. For example, a substantially pure NTP will 
show constant and reproducible characteristics within standard experimental 
deviations for parameters such as the following: molecular weight, 
chromatographic migration, amino acid composition, amino acid sequence, 
blocked or unblocked N-terminus. HPLC clution profile, biological activity, 
and other such parameters. The term, however, is not meant to exclude 
artificial or synthetic mixtures of the factor with other compounds. In 
addition, the term is not meant to exclude NTP fusion proteins isolated from 
a recombinant host. 

Recombinant Host. According to the invention, a recombinant host 
may be any prokaryotic or eukaryotic cell which contains the desired cloned 
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genes on an expression vector or cloning vector. This tenn is also meant to 
include those prokaiyotic or eukaiyotic cells that have been genetically 
engineered to contain the desired gene(5) in the chromosome or genome of 
that organism. 

Recombinant vector. Any cloning vector or expression vector which 
contains the desired cloned gene(s). 

Host Any prokaryotic or eukaryotic cell that is the recipient of a 
replicable expression vector or cloning vector. A "host/ as the term is used 
herein, also includes prokaiyotic or eukaryotic cells that can be genetically 
engineered by well known techniques to contain desired gene(s) on its 
chromosome or genome. For examples of such hosts, see Sambrook et al.. 
Molecular Cloning: A Laboratory Manual, Second Edition, Cold Spring 
Harbor Laboratory, Cold Spring Harbor, New York (1989). 

Promoter, A DNA sequence generally described as the 5' region of 
a gene, located proximal to the start codon. The transcription of an adjacent 
gene(s) is initiated at the promoter region. If a promoter is an inducible 
promoter, then the rate of transcription increases in response to an inducing 
agent. In contrast, the rate of transcription is not regulated by an inducing 
agent if the promoter is a constimtive promoter. 

Gene, A DNA sequence that contains information needed for 
expressing a polypeptide or protein. 

Structural gene, A DNA sequence that is transcribed into messeiiger 
RNA (mRNA) that is then translated into a sequence of amino acids 
characteristic of a specific polypeptide. 

Antisense RNA gene/Antisense RNA. In eukaryoies, mRNA is 
transcribed by RNA polymerase n. However, it is also known that one may 
construct a gene containing a RNA polymerase II template wherein a RNA 
sequence is transcribed which has a sequence complementary to that f a 
specific mRNA but is not normally translated. Such a gene construct is herein 
termed an "antisense RNA gene" and such a RNA transcript is termed an 
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"antisense RNA/ Andsense RNAs are not normally translatable due to the 
presence of translation stop codons in the antisense RNA sequence. 

Andsense oligonucleotide, A DNA or RNA molecule containing a 
nucleotide sequence ^ch is complementary to that of a specific mRNA. An 
antisense oligonucleotide binds to the complementary sequence in a q)ecific 
mRNA and inhibits translation of the mRNA. 

Andsense TTierupy. A method of treatment wherein antisense 
oligonucleotides are administered to a patient in order to inhibit the expression 
of the corresponding protein. 

Complementary DNA (cDNA). A "complementary DNA, " or "cDNA" 
gene includes recombinant genes synthesized by reverse transcription of 
mRNA and from which intervening sequences (introns) have been removed. 

Expression. Expression is the process by which a polypeptide is 
produced from a structural gene. The process involves transcription of the 
gene into mRNA and the translation of such mRNA into poIypeptide(s). 

Homohgous/Nonhomologous Two nucleic acid molecules are 
considered to be "homologous" if their nucleotide sequences share a similarity 
of greater than 50%, as determined by HASH-codmg algorithms (Wilbcr, 
W.J. and Lipman. DJ., Proc, Naxl Acad. ScL 80:726-730 (1983)). Two 
nucleic acid molecules are considered to be "nonhomologous" if their 
nucleotide sequences share a sunilarity of less than 50%. 

Ribozyme. A ribozyme is an RNA molecule that contains a catalytic 
center. The term includes RNA enzymes, self-splicing RNAs, and self- 
cleaving RNAs. 

Ribozyme Therc^. A method of treatment wherein ribozyme is 
administered to a patient in order to inhibit the translation of the target 
mRNA. 

Fragment A "fragment" f a molecule such as NTP is meant to refer 
to any polypeptide subset of that molecule. 

Functional Derivative, The term "functional derivatives" is intended 
to include the "variants." "analogues." or "chemical derivatives" of the 



wo 96/15272 



PCT/US95/17111 



- 18 - 

molecule. A "variam" of a molecule such as NTP is meant to lefer to a 
naturally occuiiing molecule substantially similar to either the entire molecule, 
or a fragment thereof. An "analogue" of a molecule such as NTP Is meant 
to refer to a non-natural molecule substantially sunilar to either the entire 
molecule or augment thereof. 

A molecule is said to be "substantially similar" to another molecule if 
the sequence of ammo acids in both molecules is substantially the same, and 
if both molecules possess a sunilar biological activity. Thus, provided that 
two molecules possess a similar activity, they are considered variants as that 
term is used herein even if one of the molecules contains additional amino 
acid residues not found in the other, or if the sequence of amino acid residues 
is not identical. 

As used herein, a molecule is said to be a "chemical derivative" of 
another molecule when it contains additional chemical moieties not normally 
a part of the molecule. Such moieties may inq)rove the molecule's solubility, 
absorption, biological half-life, etc. The moieties may alternatively decrease 
the toxicity of the molecule, eliminate or attenuate any undesirable side effect 
of the molecule, etc. Examples of moieties capable of mediating such effects 
are disclosed in Remington's Phamaceutical Sciences (1980) and will be 
apparent to those of ordinary skill in the art. 

NTP, The term "NTP" refers to a family of neural thread protems. 
The NTP family includes protems with molecular weights of about 8 kDa, 14 
kDa. 17 kDa, 21 kDa, 26 kDa and 42 kDa, as described herem. 

ImmunO'Pofymerase Chain Reacdon, A method for the detection of 
antigens usiiig specific antibody-DNA conjugates. According to this method, 
a linker molecule with bispecific binding affmity for DNA and antibodies is 
used to attach a DNA molecule specifically to an antigen-antibody complex. 
As a result, a specific antigen-antibody-DNA conjugate is formed. The 
attached DNA can be amplified by the polymerase chain reaction (PGR) using 
appropriate oligonucleotide primers. The presence of specific PGR products 
demonstrates that DNA molecules are attached specifically to antigen-antibody 
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complexes, tbus indicating the presence of antigen. (Sano et aL, Science 
258:120-172 (1992)). 

For example, Sano et aL, supra, constnicted a streptavidin-protein A 
chimera that possesses specific binding affmity for biotin and inununoglobulin 
G. This chimera (i.e., the "linker molecule") was used to attach a 
bxotinylated DNA speciHcally to antigen-monoclonal antibody complexes that 
had been unmobilized on microtiter plate wells. A segment of the attached 
DNA was subsequently amplified by PGR. 

Detailed Description of the Invention 

This invention is directed to neural thread proteins (NTP), genetic 
sequences coding for an NTP mRNA or antisense mRNA, expression vectors 
containing the genetic sequences, recombinant hosts transformed therewith, 
and NTP and antisense RNA produced by such transformed recombinant host 
expression. This invention further relates to NTP ribozymes. and recombinant 
DNA molecules which code for NTP ribozymes and NTP antisense 
oligonucleotides. This invention further relates to antibodies directed against 
an NTP, as well as the use of NTP antibodies and NTP nucleic acid sequences 
for detection of the presence of an NTP in biological samples. The invention 
fimher relates to the use of NTP codhig sequences in gene ther^y. 

/. Isolation of DNA Sequences Coding for Neuronal Thread Proteins 

DNA sequences coding for an NTP are derived from a variety of 
soxnccs. These sources include genomic DNA, cDNA, synthetic DNA. and 
combinations thereof. 

Human NTP genomic DNA can be extracted and purified from any 
human cell or thsae, by means well known in the art (for example, see 
Sambrook et aL, Molecular Cloning: A Laboratory Manual, Second Edition. 
Cold Spring Harbor Laboratory Press, 1989). The NTP genomic DNA of the 
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invendon may or may not include naturally occurring inttons. Moreover, 
such genomic DNA may be obtained in association with the 5' promoter 
region of the NTP gene sequences and/or with the 3' translational tennination 
region. Further, such genomic DNA may be obtained in association with 
5 DNA sequences which encode the S' nontranslated region of the NTP mRNA 

and/or with the genetic sequences which encode the 3' nontranslated region. 
To the extent that a host ceil can recognize the transcriptional and/or 
translational regulatory signals associated with the expression of the mRNA 
and protein, then the 5' and/or 3' nontranscribed regions of the native gene. 

10 and/or, the 5' and/or 3' nontranslated regions of the mRNA, may be retained 

and employed for transcriptional and translational regulation. 

Alternatively, an NTP mRNA can be isolated from any cell which 
expresses an NTP, and used to produce cDNA by means well known in the 
art (for example, see Sambrook et al, supra). Preferably, the mRNA 

15 preparation used will be enriched in mRNA coding for an NTP, either 

naturally, by isolation from cells which produce large amounts of an NTP, or 
in vitro, by techniques commonly used to enrich mRNA preparations for 
specific sequences, such as sucrose gradient centrifugation, or both. An NTP 
mRNA may be obtained from mammalian neuronal tissue, or from cell lines 

20 derived therefrom. Preferably, human cDNA libraries are constructed from 

17-18 week old fetal brain, 2 year old temporal lobe neocortex, end-stage AD 
cerebral cortex, or from cell lines derived from himian neuronal tissue. Such 
cell lines may include, but are not limited to, central nervous system primitive 
neuroectodermal tumor ceUs (such as PNETl or PNET2. as described herein), 

25 neuroblastoma cells (such as SH-Sy5y. as described herein), or human glioma 

cells (such as A172; ATCC CRL 1620). Alternatively, a rat cDNA library 
can be prepared from mRNA isolated from rat glioma cells, for example, C6 
rat glioma cells (ATCC CCL107). 

For cloning into a vector, suitable DNA preparations (either genomic 

30 or cDNA) are randomly sheared or enzymatically cleaved, respectively, and 

ligated into appropriate vecton to form a recombinant gene (either genomic 



wo 96/15272 



PCT/US95/I711I 



-21- 

or cDNA) library. A DNA sequence encoding an NTP may be inserted into 
a vector in accordance with conventional techniques, including blunt-ending 
or staggered-ending termini for ligation, restriction enzyme digestion to 
provide appropriate termini, filling in of cohesive ends as appropriate, alkaline 
phosphatase treatment to avoid undesirable joining, and ligation with 
appropriate ligases. Techniques for such manipulation are disclosed by 
Sambrook et al, stqfm, and are weU known in the art. 

libraries containing NTP clones may be screened and the NTP clones 
identified by any means which specifically selects for NTP DNA such as, for 
example: 1) by hybridization with an appropriate nucleic acid probe(s) 
containing a sequence specific for the DNA of this protein; or, 2) by 
hybridization-selected translational analysis in which native mRNA hybridizes 
to the clone in question, is translated in vitro^ and the translation products are 
further characterized; or. 3) if the cloned DNA sequences are themselves 
capable of expressing mRNA, by immunoprecipitation of a translated NTP 
product produced by the host containing the clone. 

Oligonucleotide probes specific for an NTP which can be used to 
identify clones to this protein can be designed from knowledge of the amino 
acid sequence of the corresponding NTP, or homologous regions of the PTP. 
Alternatively, oligonucleotide probes can be designed from knowledge of the 
nucleotide sequence of PTP (de la Monte et al, /. Clin, Invest. 56:1004-1013 
(1990)). 

The suitable oligonucleotide, or set of oligonucleotides, which is 
capable of encoding a fragment of the NTP gene (or which is complementary 
to such an oligonucleotide, or set of oligonucleotides) may be synthesized by 
means well known m the art (for example, see Sambrook et al„ supra). 
Techniques of nucleic acid hybridization and clone identification are disclosed 
by Sambrook et ai, supra. Those members of the above-described gene 
Hbraiy which are found to be capable of such hybridization are then analyzed 
to determine the extent and namre of the NTP encoding sequences which they 
contain. 
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To facilitate the detection of the desired NTP coding sequence, tbe 
above-described DNA probe is labeled with a detectable group. Such 
detectable group can be any material having a detectable physical or chemical 
property. Such materials have been well-developed in the field of nucleic acid 
hybridization and in general most any label useful in such methods can be 
applied to the present invention. Particularly useful are radioactive labels 
including ^^P, ^H. **C, or the like. Any radioactive label may be 
employed which provides for an adequate signal and has sufficient half-life. 
The DNA probe may be labeled, for example, by nick-translation, by T4 
DNA polymerase replacement synthesis, or by random priming, among other 
methods well known in tbe art {see Sambrook et al, supra). 

Alternatively, DNA probes can be labeled with non-radioactive 
markers such as biotin, an enzyme, or fluorescent group. 

In an alternative method of cloning NTP DNA sequences. NTP cDNAs 
are obtained by direct clonii^ of cDNAs from cell lines and brain tissue, 
using the 3'- and 5 '-RACE methods, as described herein. Preferably, a 
human neuroectodermal tumor cell line or AD brain tissue is used as a source 
ofmRNA. 

//. Expressing the Gene Coding for NTP 

The above-discussed mediods are, therefore, capable of identifying 
DNA sequences which are code for an NTP or fragments thereof. In order 
to further characterize such DNA sequences, and in order to produce the 
recombinant protein, it is desirable to express the proteins which the DNA 
sequences encode. 

To express an NTP, transcriptional and translational signals 
recognizable by an appropriate host are necessary. The cloned NTP DNA 
sequences, obtained through the methods described above, and preferably in 
double-stranded form, may be "operably linked" to sequences controlling 
transcriptional expression in an expression vector, and introduced into a host 
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cell, cither prokatyotic or eukaryotic, to produce recotnbiDant NTP. 
Depending upon which strand of the NTP coding sequence is operably linked 
to the sequences controlling transcriptional expression, it is also possible to 
express an NTP antisense RNA. 

Expression of the NTP in different hosts msy result in different post- 
tninslational modifications which may alter the properties of the NTP. 
Preferably, the present invention encompasses the expression of an NTP in 
eukaiyotic cells, and especially mammalian, insect, and yeast cells. 
Especially preferred eukaryotic hosts are mammalian cells. Mammalian ceUs 
provide post-translational modifications to recombinant NTP which include 
folding and/or phosphorylation. Most preferably, mammalian host cells 
include human CNS primitive neuroectodermal tumor cells, human 
neuroblastoma cells, human glioma cells, or rat glioma cells. Especially 
preferred primitive neuroectodennal tumor cells include PNETl and PNET2, 
especially preferred hunum glioblastoma cells include Hgl6 and Hgl7, 
especially preferred human glioma cells uiclude A172, and especially 
preferred rat glioma cells include C6 (see Example 1). 

Alternatively, an NTP may be expressed by prokaryotic host cells. 
Preferably, a recombinant NTP is expressed by such cells as a fusion protein, 
as described herein. An especially preferred prokaryotic host is E. colL 
Preferred strains of E, coli include Y1088, Y1089, CSH18, ER1451. and 
ER1647 {see, for example, Molecular Biology LabFax, Brown, T.A., Ed., 
Academic Press, New York (1991)). An alternative preferred host is Bacillus 
subtilus, including such strains as BR151. YB886, MI119, MI120, and B170 
{see, for example. Hardy. "Bacillus Cloning Methods," in DNA Cloning: A 
Praaical Approach, IRL Press. Washington, D.C. (1985)). 

A nucleic acid molecule, such as DNA, is said to be "capable of 
expressing' a polypeptide if it contains expression control sequences which in 
turn contain transcriptional regulatory information and such sequences are 
"operably linked" to the nucleotide sequence which encodes the protein. 
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Two sequences of a nucleic acid molecule are said to be opeiably 
linked when they are linked to each other in a manner which either permits 
both sequences to be transcribed onto the same RNA transcript, or permits an 
RNA transcript, begun in one sequence to be extended into the second 
5 sequence. Thus, two sequences, such as a promoter sequence and any other 

"second" sequence of DNA or RNA are operably linked if transcription 
commencing in the promoter sequence will produce an RNA transcript of the 
operably linked second sequence. In order to be operably linked it is not 
necessary that two sequences be immediately adjacent to one another. 

10 The promoter sequences of the present invention may be either 

prokaryotic, eukaryotic or viral. Suitable promoters are repressiblc. 
constitutive, or inducible. Examples of suitable prokaryotic promoters include 
promoters capable of recognizing the T4 polymerases (Malik et al, J. Biol 
Chem, 26i:ll74-1181 (1984); Rosenberg et a/., Gene 59:191-200 (1987); 

15 Shinedli^g et al, J, Molec. Biol iP5:471-480 (1987); Hu et al. Gene 42:21- 

30 (1986)), T3, Sp6, and T7 (Chamberlin et a/.. Nature 225:227-231 (1970); 
Bailey etal, Proc. Natl Acad, ScL (U,S.A,) 50:2814-2818 (1983); Davanloo 
et al, Proc, Natl Acad, ScL (U.S,A,) 57:2035-2039 (1984)); the and 
promoters of bacteriophage lambda (The Bacteriophage Lambda, Hershey. 

20 A.D., Ed., Cold Spring Harbor Press, Cold Spring Harbor. NY (1973); 

Lambda II, Hendrix, R.W.. Ed., Cold Spring Harbor Press, Cold Spring 
Harbor, NY (1980)); the tip, recA. heat shock, and lacZ promotcn of £. coli; 
the a-amylase (UUnanen et al, J. Bacterial i62: 176-182 (1985)) and the 
delta-28-specific promoters of B, subtilis (Gihnan et al. Gene 52:11-20 

25 (1984)); the promoters of the bacteriophages of Bacillus (Gryczan, In: ITte 

Molecular Biology of the Bacilli, Academic Press, Inc., NY (1982)); 
Streptomyces promoxers (Ward era/., Mol Gen, Genel 203:468-478 (1986)); 
the int promoter of bacteriophage lambda; the bla promoter of the B-lactamase 
gene of pBR322. and the CAT promoter of the chloramphenicol acetyl trans- 

30 ferase gene of pBR325, etc. Prokaryotic promoters are reviewed by Click, 

J. Ind, Microbiol 7:277-282 (1987); Cenatiempo. Biochimie 65:505-516 
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(1986); Watson et al,. In: JtfoUctdar Biology of the Gene, Fourth Edition, 
Benjamin Cummins, Menlo Park, CA (1987); Gottesman, Am. Rev, Genet. 
18:415-442 (1984); and Sambiook er ai„ stq>ra, 

Prefened eukaiyotic promoters include the promoter of the mouse 
metallothionein I gene (Hamer et al, J. Mol Appl. Gen. 7:273-288 (1982)); 
the TK promoter of Herpes virus (McKnight. CeU 37:355-365 (1982)); the 
SV40 early promoter (Benoist, et al. Nature (London) 290:304-310 (1981)); 
and the yeast gaI4 gene promoter (Johnston, et al., Proc. Natl. Acad. ScL 
(USA) 79:6911-6915 (1982); Silver, et at., Proc. Natl Acad. ScL (USA) 
57:5951-5955 (1984)). All of the above listed references are incorporated by 
reference herein. 

Strong promoters are the most preferred promoters of the present 
invention. Examples of such preferred promoters are those which recognize 
the T3, SP6 and T7 polymerase promoters; the Pl promoter of bacteriophage 
lambda; the recA promoter and the promoter of the mouse metallothionein I 
gene. The most preferred promoter for expression in prokaiyotic cells is one 
which is capable of recognizing the T7 polymerase promoter. The sequences 
of such polymerase recognition sequences are disclosed by Watson, et al. (In: 
Molecular Biology of the Gene, Fourth Edition* Benjamin Cummins, Menlo 
Park, CA, (1987)). The most preferred promoter for expression in 
mammalian cells is SV40 (Gorman, "High Efficiency Gene Transfer into 
Mammalian cells,** in DNA Cloning: A Practical Approach^ Volume n, IRL 
Press. Washmgton, D.C., pp. 143-190 (1985)). 

UL Methods of Detecting NTP 

This invention is directed towards methods of detecting neurological 
disease in a human subject, utilizing the nucleic acid probes hybridizable to 
NTP genes or transcripts, or antibodies specific for an NTP. By "neurological 
disease" is meant Alzheimer's Disease (AD), or other neurodegenerative 
disorders with the Alzheimer's type pathogenic changes (for example, 
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Paridii5on*s disease mth AD-typ& neurodegeneration), as well as 
neuroectodermal tumors, malignant astrocytomas, and glioblastomas. By 
"human subject" is meant any human being or any developmental fonn 
thereof, such as a human embryo or fetus, prior to biith. The diagnostic 
methods of the present invention do not require invasive removal of neural 
tissue. 

The present invention additionally pertains to assays, both nucleic acid 
hybridization assays and immunoassays, for detecting the presence of NTP in 
cells or in the biological fluids of a himian subject using light or election 
microscopic histology, imaging, radioactive or enzyme based assays, and the 
like. 

A, Nucleic Acid Hybridization Asst^s 

In testing a tissue sample for an NTP using a nucleic acid hybridization 
assay, RNA can be isolated from tissue by sectioning on a ciyostat and lysing 
the sections with a detergent such as SDS and a chelating agent such as 
£DTA, optionally with overnight digestion with proteinase K (50 fig/val). 
Such tissue is obtained by autopsy and biopsy. A preferred quantity of tissue 
is in the range of 1-10 milligrams. Protein is removed by phenol and 
chloroform extractions, and nucleic acids are precipitated with etfaanol. RNA 
is isolated by chromatography on an oligo dT column and then eluted 
^refrom. Further fractionation can also be carried out, according to methods 
well known to those of ordinary skill in the art. 

A number of techniques for molecular hybridization are used for the 
detection of DNA or RNA sequences in tissues; each has certain advantages 
and disadvantages. When large amounts of tissue are available, analysis of 
hybridization kinetics provides the opportunity to accurately quantitate the 
amount of DNA or RNA present, as well as to distinguish sequences that are 
closely related but not identical to the probe, and determine the percent 
homology. 
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Reactions are run under conditions of hybridization (Tm-25*'C) in 
which the rate of icassociation of the probe is q>timal (Wctmur etdL„J, Mol 
Biol. ii:349-370 (1968)). The kinetics of the reaction are second- order when 
the sequences in the tissue are identical to those of the probe; however, the 
reaction exhibits complex kinetics when probe sequences have partial 
homology to those in the tissue (Sharp et al„ L Mol Biol 56:709-726 
(1974)). 

The ratio of probe to cell RNA is determined by the sensitivity desired. 
To detect one transcript per cell would require about 100 pg of probe per /ig 
of total cellular DNA or RNA. The nucleic acids are mixed, denatured, 
brought to the appropriate salt concentration and temperature, and allowed to 
hybridize for various periods of time. The rate of reassociation can be 
determined by quantitating the amount of probe hybridized either by hydroxy 
apatite chromatography (Britten et al. Science 261:529-540 (1968)) or SI 
nuclease digestion (Sutton. BioMm, Biophys, Acta 2^:522-531 (1971)). 

A more flexible method of hybridization is the northern blot technique. 
This technique offers variability in the stringency of the hybridization reaction, 
as well as determination of the state of the retroviral sequences in the 
specimen under analysis. Northern analysis can be performed as described 
herein. 

A major consideration associated with hybridization analysis of DNA 
or RNA sequences is the degree of relatedness the probe has with the 
sequences present in the specnnen under smdy. This is important with the 
blotting technique, since a moderate degree of sequence homology under 
nonstringent conditions of hybridization can yield a strong signal even though 
the probe and sequences in the sample represent non-homologous genes. 

The particular hybridization technique is not essential to the invention, 
any technique commonly used in the art being within the scope of the present 
invention. Typical probe technology is described in United States Patent 
4.358.535 to Falkow et al , incorporated by reference herein. For example, 
hybridization can be carried out in a solution containing 6 x SSC (10 x SSC: 
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1.5 M sodium chloride, 0.15 M sodium citrate, pH 7.0). 5 x Denhardt's (1 
X Denhardt*s: 0.2% bovine scium albumin, 0.2% polyvinylpyirolidone. 
0.02% FicoU 400), 10 mM EDTA, 0.5% SDS and about 10^ cpm of nick- 
tianslated DNA for 16 hours at 65**C. 

The labeled probes, as described above, provide a general diagnostic 
method for detection of an NTP in tissue. The method is reasonably rapid, 
has a simple protocol, has reagents which can be standardized and provided 
as commercial kits, and allows for rapid screening of large numbers of 
samples. 

In one method for carrying out the procedure, a clinical isolate 
containing RNA transcripts is fixed to a support. The affixed nucleic acid is 
contacted with a labeled polynucleotide having a base sequence complementary 
or homologous to the coding strand of the NTP gene. 

The hybridization assays of the present invention are particularly well 
suited for preparation and commercialization in kit form, the kit comprisixig 
a carrier means compartmentalized to receive one or more container means 
(vial, test tube, etc.) in close confinement, each of said container means 
comprising one of the separate elements to be used in hybridization assay. 

For example, there may be a container means containing NTP cDNA 
molecules suitable for labeling by "nick translation* (see, for example, 
Sambrook et al, supra, for standard methodology), or labeled NTP cDNA or 
RNA molecules. Further container means may contain standard solutions for 
nick translation of NTP cDNA comprising DNA polymerase I/DNase I and 
milabeled deoxyribonucleotides (i.e., dCTP, dTTP. dGTP, and dATP). 

The presence of NTP RNA is determined by the variation in the 
appearance and/or quantity of probe-related RNA in tested tissue. 

The DNA probes of this invention can also be used for differential 
diagnosis of hereditary or familial AD and non-hereditary or sporadic AD. 
The familial form of AD often occurs at an earlier age and is associated with 
Down's syndrome in the family. Thus, a genetic test for familial AD allows 
for genetic counseling of families. While much effort has been directed 
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towaid characterizing a genetic marker for familial AD (Gusella, FASEB J 
5;2036.2041 (1989); Hooper. J MH Res, 4:48-54 (1992)), genetic linkage 
analysis only identifies a genetic marker sequence without providing the 
knowledge of the function of the genomic sequence. In contrast, the cDNA 
probes described herein and obtained from individuals with sporatic AD 
encode a known protein of known function which is over-expressed in brain 
tissue of patients with AD. 

Most cases of the AD disorder appear to be the sporadic form, 
although there are well-documented familial cases (Gusella, supra; Harrison 's 
Principles of Internal Medicine , Braunwald et al . Eds. , Eleventh Edition, Mc- 
Graw-Hill Book Company, New York. pp. 2012-2013 (1987)). A patient with 
familial AD, unlike a patient with sporadic AD, inherited the predisposing 
mutation through the germ cells. Some of the familial cases have been shown 
to follow an autosomal dominant pattern of inheritance {Id.), Thus, the DNA 
of a patient with femilial AD will contain the inherited genetic alteration 
which is absent tom the DNA of a patient with sporadic AD. 

A method of differentiating between sporadic and familial AD in a 
human subject involves obtaining a biological sample from the human subject 
who is suspected of having Alzheimer's Disease. Then, DNA is purified from 
the biological sample. Finally, the DNA is contacted with a NTP DNA probe 
under conditions of hybridization. Familial AD is indicated by the detection 
of a hybrid of the probe and the DNA, whereas sporadic AD is indicated by 
the absence of detection of hybridization. 

For example, the biological sample can be a blood sample which is 
subjected to differential centrifugation to enrich for white blood cells within 
three days of collection (Park, "PGR in the Diagnosis of Retinoblastoma." in 
PCR Protocols, Ixmsetal., Eds., Academic Press. Inc., New York. pp. 407- 
415 (1990)). The DNA sample can be prepared using the sodium N- 
lauroylsarcosine-Protemase K, phenol, and RNase method (Sambrook & al, 
supra), DNA analysis can be performed by digesting the DNA sample, 
preferably 5 micrograms, with a resuiction endonuclease (such as HindUI), 
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Digcsted DNA is then fractionated using agarose gel electrophoresis, 
preferably, a 1% horizontal agarose gel, for 18 hours in a buffer preferably 
contaimng 89 mM Tris-Hcl (pH 8), 89 mM sodium borate and 2 mM EDTA 
(Gusella et al. Nature J^:234-238 (1983)). Southern analysis can be 
performed using conventional techniques (Sambrook et al., supra) ^ and the 
labelled AD cDNA probes can be hybridized under conditions described 
above. The preferred DNA probes for this differential diagnosis method 
include l-9a, AD3-4, AD4-4 and G2-2 Pstl. 

B. Immunoassays 

Antibodies directed against an NTP can be used, as taught by the 
present invention, to detect and diagnose AD. Various histological staining 
methods, including immunohistochemical staining methods, may also be used 
effectively according to the teaching of the invention. Silver stain is but one 
method of visualizing NTP. Other staining methods useful in the present 
invention will be obvious to the artisan, the determination of which would not 
involve undue experimentation {see generally, for example. A Textbook of 
Histology, Eds. Bloom and Fawcett, W.B. Saunders Co., Philadelphia 
(1964)). 

One screening method for determining whether a given compound is 
an NTP functional derivative comprises, for example, immunoassays 
employing radioimmunoassay (RIA) or enzyme-linked inmiunosorbant assay 
(EUSA) methodologies, based on the production of specific antibodies 
(monoclonal or polyclonal) to an NTP. For these assays, biological samples 
are obtained by venepuncture (blood), spinal tap (cerebral spinal fluid (CSF)), 
urine and other body secretions such as sweat and tears. For example, in one 
form of RIA. the substance under test is mixed with diluted antiserum in the 
presence of radiolabeled antigen. In this method, the concentration of the test 
substance will be inversely proportional to the amount of labeled antigen 
bound to the specific antibody and directiy related to the amount of free 
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labeled antigen. Other suitable screening methods will be readily apparent to 
those of skill in the art. 

The present invention also relates to methods of detecting an NTP or 
functional derivatives in a sample or subject. For example, antibodies specific 
for an NTP, or a functional derivative, may be detectably labeled with any 
appropriate marker, for example, a radioisotope, an en2:yme, a fluorescent 
label, a paramagnetic label, or a free radical. 

Alternatively, antibodies specific for an NTP, or a functional deriva* 
live, may be detectably labeled with DNA by the technique of immuno- 
polymerase chain reaction (Sano et aL, Science 258: 120-122 (1992)). The 
polymerase chain reaction (PCR) procedure amplifies specific nucleic acid 
sequences through a series of manipulations including denaniration, annealing 
of oligonucleotide primers, and extension of the primers with DNA 
polymerase (see, for example, MuUis et al, U.S. Patent No. 4,683,202; 
Mullis et ai, U.S. Patent No. 4,683,195; Loh et al. Science 243:217 

(1988) ). The steps can be repeated many times, resulting in a large 
amplification of the number of copies of the original specific sequence. As 
little as a smgle copy of a DNA sequence can be amplified to produce 
hundreds of nanograms of product (LietaL, Nature 335:414 (1988)). Other 
known nucleic acid amplification procedures include transcription-based 
amplification systems (Kwoh et al., Proc, Natl. Acad, Sci. USA 56:1173 

(1989) ; Gingcras et al, WO 88/10315), and the "ligase chain reaction" in 
which two (or more) oligonucleotides are ligated in the presence of a nucleic 
acid target having the sequence of the resulting "di-oiigonucleotide" thereby 
amplifying the di-oligonucleotide (Wu et al. Genomics 4:560 (1989); 
Backman «r a/., EP 320,308; Wallace, EP 336,731; Orgel. WO 89/09835). 

For example, the immuno-PCR assay can be carried out by 
Immobilizing various amounts of the test material on the surface of microliter 
wells {see Sanzo et al, supra^ page 122, footnote 7). The wells are 
subsequently incubated with an NTP monoclonal antibody, washed, and then 
incubated with biotinylated NTP DNA molecules which have been conjugated 
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to streptavidin-protein chimera (Id,). This chimera binds biotin (via the 
streptavidin moiety) and the Fc portion of an immunoglobulin G molecule (via 
the protein A moiety) (Id,, at 120; Sanzo et al,, Bio/Technology 9:1378 
(1991)). The wells are then washed to remove unbound conjugates. Any 
NTP present in the test material will be bound by the NTP monoclonal 
antibody, which in turn, is bound by the protein A moiety of the biotinylated 
NTP DNA - streptavidin-protein A conjugate. Then, the NTP DNA 
sequences are amplified using PGR.* Briefly, the microtiter weUs are 
incubated with deoxyribonucleoside triphosphates, NTP oligonucleotide 
primers, and Taq DNA polymerase (see Sanzo et al., supra, page 122, 
footnote 11). An automated thermal cycler (such as the PTC-100-96 Thermal 
Cycler, MJ Research, Inc.) can be used to perform PGR under standard 
conditions (Id,), The PGR products are then analyzed by agarose gel 
electrophoresis after staining with ethidium bromide. 

Methods of making and detecting such detectably labeled antibodies or 
their functional derivatives are well known to those of ordinaiy skill in the art, 
and are described in more detail below. Standard reference works setting 
forth the general principles of immunology include the work of Klein 
(Immunology: The Science of Self -Nonself Discrimination, John Wiley & 
Sons, New York (1982)); Kennett et al. (Monoclonal Antibodies and 
Hybridomas: A New Dimension in Biological Analyses, Plenum Press, New 
York (1980)); Campbell ("Monoclonal Antibody Technology, " In: Laboratory 
Techniques in Biochemistry and Molecular Biology, Volume 13 (Burdon, R., 
et al,, eds.), Elsevier. Amsterdam (1984)); and Eisen (In: Microbiology, 3rd 
Ed. (Davis, et al. Harper & Row. Philadelphia (1980)). 

The term "antibody" refers both to monoclonal antibodies which are 
a substantially homogeneous population and to polyclonal antibodies which are 
heterogeneous populations. Polyclonal antibodies are derived from the sera 
of animals immunized with an antigen. Monoclonal antibodies (mAbs) to 
specific antigens may be btained by methods known to those skilled in the 
art. See, for example, Kohler and Milstein. Nature 256:495-497 (1975) and 
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U.S. Patent No. 4,376,110. Such antibodies may be of any inmxunoglobulin 
class including IgG, IgM, IgE, IgA. IgD and any subclass thereof. 

The monoclonal antibodies, particularly mAbs Th7, Th9, and ThlO 
used in the present invention, may be prepared as previously described (Gross 
etaL Clin, Invest. 76:2115-2126 (1985); Ottaiketal., Proc, Nail Acad, 
Sd. USA 55:419-423 (1989); de la Monte et, al, /. Clin, Invest. S5:1004- 
1013 (1990); de la Monte et. al„ J, Neurol Set, 775:152-164 (1992); de la 
Monte et al„ Ann, Neurol. 32:733-142 (1992)). The Th monoclonal 
antibodies were generated against the purified pancreatic form of thread 
protein (Id.), NTP-specific polyclonal and monoclonal antibodies can also be 
generated against a substantially pure NIP isolsited from recombinant hosts 
(for example, see Carroll et al.^ "Production and Purification of Polyclonal 
Antibodies to the Foreign Segment of 6-Galactosidase Fusion Proteins," m 
DNA Cloning: A Practical Approach, Volume HI, IRL Press, Washington, 
D.C., pp. 89-111 (1987); Mole era/., "Production of Monoclonal Antibodies 
Against Fusion Proteins Produced in Escherichia coli,* in DNA Cloning: A 
Practical Approach, Volume m, IRL Press, Washington, D.C., pp, 113-1139 
(1987)). Alternatively, NTP-specific polyclonal and monoclonal antibodies 
can be generated against a substantially pure NTP isolated from biological 
material such as brain tissue and cell lines, by using well known techniques. 

For exanq>le, monoclonal antibodies specific for the various NTP 
molecules of approximately, 8, 14, 17, 21, 26 kDa and 42 kDa molecular 
weights may be prepared from recombinant-derived proteins, which are 
expressed, isolated and purified from the cDNA (i.e., l-9a), genomic clones 
(G2-2 Pstl) and AD-NTP 3-4 cDNA clones. These NTP molecules are 
derived from the above cDNA*s and genomic clones, inserted and produced 
in suitable expression vectors (see Figures 2A arul 2B). Since there are 
regi ns of 60-70% homology in the 5' ends of the l-9a NTP cDNA and PTP, 
one can obtain monoclonal antibodies that bind specifically to the NTP 
recombinant proteins and not to the pancreatic form by performing routine 
differential screening (see, for example, de la Monte et al, J. Clin, Invest. 
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86: 1004-1013 (1990)). Although there will be monoclonal antibodies that 
bind to both NTP and FTP, it will be possible to generate NTP-specific 
monoclonal antibodies because there is a substantial sequence divergence 
between NTP molecules of various forms (e.g., 8, 14, 17, 21, 26 and 42 kDa) 
and because an epitope may be defined by as few as 6-8 amino acids. 

The term "antibody" is also meant to include both intact molecules as 
well as fragments thereof, such as, for example, Fab and F(ab')2, which are 
capable of binding antigen. Fab and F(ab')2 fragments lack the Fc fragment 
of intact antibody, clear more rapidly from the circulation, and may have less 
non-specific tissue binding than an intact antibody (Wahl et al, J. Nucl Med. 
24:316-325 (1983)). 

It will be appreciated that Fab and F(ab')2 and other fragments of the 
antibodies usefiil in the present invention may be used for the detection and 
quantitation of an NTP according to the methods disclosed herein in order to 
detect and diagnose AD in the same manner as an intact antibody. Such 
fragments are typically produced by proteolytic cleavage, using enzymes such 
as papain (to produce Fab fragments) or pepsin (to produce F(ab*)2 
fragments). 

An antibody is said to be 'capable of binding" a molecule if it is 
capable of specifically rcactmg with the molecule to thereby bind the molecule 
to the antibody. The term "epitope" is meant to refer to that portion of any 
molecule capable of bemg bound by an antibody which can also be recognized 
by that antibody, Epitopic determinants usually consist of chemically active 
surface groupings of molecules such as amino acids or sugar side chains and 
have specific three dimensional structural characteristics as well as specific 
charge characteristics. 

An "antigen" is a molecule capable of being bound by an antibody 
which is additionally capable of inducing an animal to produce antibody 
capable of binding, to an epitope of that antigen. An antigen may have one, 
or more than one epitope. The specific reaction referred to above is meant 
to indicate that the antigen will react, in a highly selective manner, with its 
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corresponding antibody and not with the multitude of other antibodies which 
may be evoked by other antigens. 

The antibodies, or fragments of antibodies, useful in the present 
invention may be used to quantitatively or qualitatively detect the presence of 
cells which contain the NTP antigens. Thus, the antibodies (or fragments 
thereoO useful in the present invention may be employed histologically to 
detect or visualize the presence of an NTP. 

Such an assay for an NTP typically comprises incubating a biological 
sample from said subject suspected of having such a condition in the presence 
of a detectably labeled binding molecule (e.g. . antibody) capable of identifying 
an NTP, and detecting said binding molecule which is bound in a sample. 

Thus, in this aspect of the invention, a biological sample may be 
treated with nitrocellulose, or other solid support which is capable of 
immobilizing cells, cell particles or soluble proteins. The support may then 
be washed with suitable buffers followed by treatment with the detectably 
labeled NTP-specific antibody. The solid phase support may then be washed 
with the buffer a second time to remove unbound antibody. The amount of 
bound label on said solid support may then be detected by conventional 
means. 

By "solid phase support" is intended any support capable of binding 
antigen or antibodies. Well-known supports, or carriers, include glass, poly- 
styrene, polypropylene, polyethylene, dextran, nylon, amylases, natural and 
modified ceUuloses, polyaciylamidcs, agaroses, and magnetite. The nature of 
the carrier can be either soluble to some extent or insoluble for the purposes 
of the present invention. The support material may have virtually any 
possible structural configuration so long as the coupled molecule is capable of 
bmding to an antigen or antibody. Thus, the support configuration may be 
spherical, as in a bead, or cylindrical, as in the inside surface of a test mbe, 
or the external surface of a lod. Alternatively, the surface may be flat such 
as a sheet, test strip, etc. Preferred supports include polystyrene beads. 
Those skilled in the art will note many other suitable carriers for binding 
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monoclonal antibody or antigen, or will be able to ascertain the same by use 
of routine experimentation. 

One embodiment for carrying out the diagnostic assay of the present . 
invention on a biological sample containing an NTP, comprises: 

(a) contacting a detectably labeled NTP-specific antibody 
with a solid support to effect immobilization of said NTP-specific antibody or 
a fragment thereof; 

(b) contacting a sample suspected of containing an NTP with 
said solid support; 

(c) incubating said detectably labeled NTP-specific antibody 
with said support for a time sufficient to allow the immobilized NTP-specific 
antibody to bind to the NTP; 

(d) separating the solid phase support from the incubation 
mixture obtained in step (c); and 

(e) detecting the bound label and thereby detecting and 
quantifying NTP. 

Alternatively, labeled NTP-specific antibody/NTP complexes in a 
sample may be separated from a reaction mixnire by contacting the complex 
with an immobilized antibody or protein which is specific for an 
immunoglobulin, e.g.. Staphylococcus protein A. Staphylococcus protein G. 
anti-IgM or anti-IgG antibodies. Such anti-immunoglobulin antibodies may 
be polyclonal, but are preferably monoclonal. The solid support may then be 
washed with a suitable buffer to give an immobilized NTP/labeled NTP- 
specific antibody complex. The label may then be detected to give a measure 
of an NTP. 

This aspect of the invention relates to a method for detecting an NTP 
or a fragment thereof in a sample comprising: 

(a) contacting a sample suspected of containing an NTP with 
an NTP-specific antibody or fragment thereof which binds to NTP; and 

(b) detecting whether a complex is formed. 
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The invention also relates to a method of detecting an NTP in a 
sample, fixxlher comprisiqg: 

(c) contacting the mixtiire obtained in step (a) with an Fc 
binding molecule, such as an antibody. Staphylococcus protein A, or 
Staphylococcus protein G, which is immobilized on a solid phase support and 
is specific for the NTP-speclfic antibody to give a NTP/NTP-specific antibody 
immobilized antibody complex; 

(d) washing the solid phase support obtained in step (c) to 
remove unbound NTP/NTP-specific antibody complex; 

(e) and detecting the label bound to said solid support. 
Of course, the specific concentrations of detectably labeled antibody 

and NTP, the temperature and time of incubation, as well as other assay 
conditions may be varied, depending on various factors including the 
concentration of an NTP in the sample, the nature of the sample, and the like. 
Tlie binding activity of a given lot of anti-NTP antibody may be determined 
according to well known methods. Those skilled in the art will be able to 
determine operative and optimal assay conditions for each determination by 
employing routine experimentation. 

Other such steps as washing, stirring, shaking, filtering and the like 
may be added to the assays as is customaiy or necessary for the particular 
situation. 

One of the ways in which the NTP-specific antibody can be detectably 
labeled is by linking the same to an enzyme. This enzyme, in turn, when 
later exposed to its substrate, will react widi the substrate in such a manner 
as to produce a chemical moiety which can be detected, for example, by 
Spectrophotometric, fluorometric or by visual means. Enzymes which can be 
used to detectably label the NTP-specific antibody include, but are not lixnited 
to, malate dehydrogenase, staphylococcal nuclease, delta- V-steroid isomerase, 
yeast alcohol dehydrogenase, o(-glycerophosphate dehydrogenase, triose 
phosphate isomerase, horseradish peroxidase, alkaline phosphatase, 
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asparaginase, glucose oxidase, 6-galactosidase, ribonuclease, urease, cataiase, 
glucose-VI-phosphate dehydrogenase, glucoamylase and acetylcholinesterase. 

Detection may be accomplished using any of a variety of immuno- 
assays. For exanq>le, by radioactively labeling the NTP-specific antibodies 
or antibody fragments, it is possible to detect NTP through the use of 
radioimmune assays, A good description of a radioimmune assay may be 
found in Laboratory Techniques and Biochemistry in Molecular Biology, by 
Work, et al, , North Holland Publishing Company, NY (1978), with particular 
reference to the chapter entitled "An Introduction to Radioimmune Assay and 
Related Techniques'* by Chard, incorporated by reference herein. 

The radioactive isotope can be detected by such means as the use of 
a gamma counter or a scintillation counter or by autoradiography. Isotopes 
which arc particularly useful for the purpose of the present invention are: 'H, 
i25j^ nij^ 355^ MC, and preferably "^I. 

It is also possible to label the NTP-specific antibody widi a fluorescent 
compound. When the fluorcscently labeled antibody is exposed to light of the 
proper wave length, its presence can then be detected due to fluorescence. 
Among the most commonly used fluorescent labelling compounds are 
fluorescein isothiocyanate. rhodamine, phycoeryiherin. phycocyanin, 
allophycocyanin, c7-phthaldehyde and fluorescamine. 

The NTP-specific antibody can also be detectably labeled using 
fluorescence emitting metals such as '^Eu, or others of the lanthanide series- 
These metals can be attached to the NTP-specific antibody using such metal 
chelating groups as diethylenetriaminepcntaacetic acid (DTPA) or 
ethylenediaminetetraacetic acid (EDTA). 

The NTP-specific antibody also can be detectably labeled by coupling 
it to a chemiluminescent compound. The presence of the chemiluminescent- 
tagged NTP-specific antibody is then determined by detecting the presence of 
luminescence that arises during the course of a chemical reaction. Examples 
of particularly useful chemiluminescent labeling compounds arc luminol. 
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isoluminol, theromatic acridinium ester, imidazole, acridiniuin salt and oxalate 
ester. 

The NTP-specific antibody may also be labeled with biotin and then 
reacted with avidin. A biotin-labeled DNA ftagment will be linked to the 
NTP-biotiiiylated monoclonal antibody by an avidin bridge. NTP molecules 
are then detected by polymerase chain reaction (PGR) amplification of the 
DNA fragment with specific primers (Sano et al. Science 258: 120-122 
(1992)). 

Likewise, a bioluminesccnt compound may be used to label the NTP- 
specific antibody of the present invention. Bioluminescence is a type of 
chcmiluminescence found in biological systems in which a catalytic protein 
increases the efficiency of the chemiluminescent reaction. The presence of a 
bioluminescent protein is determined by detecting the presence of 
luminescence. Important bioluminesccnt compounds for purposes of labeling 
are luciferin, luciferase and aequorin. 

Detection of the NTP-specific antibody may be accomplished by a 
scintillation counter, for example, if the detectable label is a radioactive 
gamma emitter, or by a fluorometer, for example, if the label is a fluorescent 
material. In the case of an enzyme lab^I, the detection can be accomplished 
by colorimetric methods which employ a substrate for the enzyme. Detection 
niay also be accomplished by visual comparison of the extent of enzymatic 
reaction of a substrate in comparison with similarly prepared standards. 

The detection of foci of such dctcctably labeled antibodies is indicative 
of a disease or dysfunctional state as previously described. For the purposes 
of the present invention, the NTP which is detected by this assay may be 
present in a biological sanq)le. Any sample containing an NTP can be used. 
However, one of the benefits of the present diagnostic invention is that 
invasive tissue removal may be avoided. Therefore, preferably, the sample 
is a biological solution such as, for example, cerebrospinal fluid, amniotic 
fluid, blood, scrum, urine and the like. However, the invention is not limited 
to assays using only these samples, it being possible for one of ordinary skill 
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in the art to determine suitable conditions which allow the use of other 
samples. 

For example, the three-site monoclonal antibody-based 
immunoradiometric assays (M-IRMA) may be used to measure NTP levels in 
a biological fluid, such as CSF. It is possible to obtain, by spinal tap, on a 
routine basis. CSF ftom individuals suspected of having AD. Thus, the 
diagnosis of AD can be established by a sunple, non-invasive immunoassay 
which reveals NTP levels greatly increased over normal levels. 

In one embodiment, as described above, this examination for AD is 
accomplished by removing samples of biological fluid and incubating such 
samples in the presence of detectably labeled antibodies (or antibody 
fragments). In a preferred embodunent, this technique is accomplished in a 
non-invasive manner through the use of magnetic imaging, fluorography, etc. 

Preferably, the detection of cells which express an NTP may be 
accomplished by in vivo imaging techniques, in which the labeled antibodies 
(or fragments thereof) are provided to a subject, and the presence of the NTP 
is detected without the prior removal of any tissue sample. Such in vivo 
detection procedures have the advantage of being less invasive than other 
detection methods, and are. moreover, capable of detecting the presence of 
NTP in tissue which cannot be easily removed from the patient, such as brain 
tissue. 

Using in vivo imaging techniques, it will be possible to differentiate 
between AD and a brain mmor because NTP will be detected throughout the 
brain in an AD patient, while NTP will be localized in discrete deposits in the 
case of brain tumors. For example, in brains of AD patients, NTP will be 
found in the temporal, parietal and frontal cortices as well as the amygdala 
and hq)pocampus. Favored cites for astrocytomas irxlude the cerebrum, 
cerebellum, thalamus, optic chiasma, and pons (Harrison's Principles of 
Internal Medicine, Petersdorf cr al. , Eds., Tenth Edition. McGraw-Hill Book 
Company. New York, p.2076 (1983)). and glioblastoma multiforme is 
predominantly cerebral in location (Id, at 2075). 
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There are maoy different in vivo labels and methods of labeling known 
to those of ordinary skill in the art. Examples of the types of labels which 
can be used in die present invention include radioactive isotopes and 
paramagnetic isotopes. Those of ordinary skill in the art will know of odier 
5 suitable labels for binding to the antibodies used in the invention, or will be 

able to ascertain such, using routine experimentation. Furthermore, the 
binding of these labels to the antibodies can be done using standard techniques 
conunon to those of ordinary skill in the art. 

An important factor in selecting a radionuclide for in vivo diagnosis is 

10 that the half-life of a radionuclide be long enough so that it is still detectable 

at the time of maximum uptake by the target, but short enough so that 
deleterious radiation upon the host is minimized. Ideally, a radiomiclide used 
for in vivo imaging will lack a particubte emission, but produce a large 
number of photons in the 140-200 fceV range, which maybe readily detected 

15 by conventional gamma cameras. 

For in vivo diagnosis radionuclides may be bound to antibody either 
directiy or irjdirectiy by using an intermediary functional group. Intermediary 
functional groups which are often used in biiniing radioisotopes which exist 
as metallic ions to immunoglobulins are DTPA and EDTA. Typical examples 

20 of ions which can be bound to immunoglobulins are *^c, "'I, "'In, "^I, 

"Ru, ^'Cu, '^Ga, »"I. «Ga, '^As, and »»T1. 

For diagnostic in vivo imaging, the type of detection instrument 
available is a major factor in selecting a given radionuclide. The radionuclide 
chosen must have a type of decay which is detectable for a given type of 

25 instrument. In general, any conventional method for visualizing diagnostic 

imaging can be utilized in accordance with this invention. For example, PET, 
gamma, beta, and MRI detectors can be used to visualize diagnostic 
imagining. 

The antibodies useful in the invention can also be labeled with 
30 paramagnetic isotopes for purposes of in vivo diagnosis. Elements which are 
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particularly useful, as in Magnetic Resonance Imaging (MRI). include ^Gd, 
^Mn, '*«Dy. and *>Fe. 

The antibodies (or fragments thereof) useful in the present invention 
are also particularly suited for use in m vitro immunoassays to detect the 
5 presence of an ITO* in body tissue, fluids (such as CSF), or cellular extracts. 

In such inununoassays, the antibodies (or antibody fragments) may be utilized 
in liquid phase or, preferably, bound to a solid-phase carrier, as described 
above. 

Those of ordinary skill in the ait will know of other suitable labels 
10 which may be employed in accordance with the present invention. The 

binding of these labels to antibodies or fragments thereof can be accomplished 
using standard techniques commonly known to those of ordinary skill in the 
art. Typical techniques arc described by Kennedy, et al, {Clin, Chim, Acta 
70:1-31 (1976)) and Schurs. et al (Clin. Chim. Acta 57:1-40 (1977)). 
15 Coupling techniques mentioned in the latter are the glutaraldehyde method, the 

periodate method, the dimaleimide method, the m-maleimidobenzyl-N- 
hydroxy-succinimide ester method, all of which methods are incorporated by 
reference herein. 

In situ detection may be accomplished by removing a histological 
20 specimen from a patient, and providing the combination of labeled antibodies 

of the present invention to such a specimen. The antibody (or fragment) is 
preferably provided by applying or by overlaying the labeled antibody (or 
fragment) to a biological sample. Through the use of such a procedure, it is 
possible to determine not only the presence of an NTP, but also the 
25 distribution of an NTP on the examined tissue. Using the present invention, 

those of ordinary skill will readily perceive that any of a wide variety of 
histological methods (such as staining procedures) can be modified in order 
to achieve such in situ detection. 

The binding molecules of the present invention may be adapted for 
30 utilization in an immunometric assay, also known as a "two-site" or 

"sandwich" assay. In a typical immunometric assay, a quantity of unlabeled 
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antibody (or fragment of antibody) is bound to a solid support that is insoluble 
in the fluid being tested (i.e., CSF) and a quantity of detectably labeled 
soluble antibody is added to pennit detection and/or quantitation of the temaiy 
complex formed between solid-phase antibody, antigen, and labeled antibody. 

Typical, and preferred, immunometric assays include "forward* assays 
in which the antibody bound to the solid phase is first contacted with the 
sample being tested to extract the antigen from the sample by formation of a 
binary solid phase antibody-antigen complex. After a suitable incubation 
period, the solid support is washed to remove the residue of the fluid sample, 
including unreacted antigen, if any, and then contacted with the solution 
containing an unknown quantity of labeled antibody (which functions as a 
"reporter molecule"). After a second incubation period to permit the labeled 
antibody to complex with the antigen bound to the solid support through the 
unlabeled antibody, the solid support is washed a second lime to remove the 
unreacted labeled antibody. This type of forward sandwich assay may be a 
simple "yes/no" assay to determine whether antigen is present or may be made 
quantitative by comparing the measure of labeled antibody with that obtained 
for a standard sample containing known quantities of antigen. Such "two-site" 
or "sandwich" assays are described by Wide at pages 199-206 of 
Radioimmme Assay Method, edited by Kirkham and Hunter, E. & S. 
Livingstone, Edinburgh, 1970. 

In another type of "sandwich" assay, which may also be useftil with 
the antigens of the present invention, the so-called "simultaneous" and 
"reverse" assays are used. A simultaneous assay involves a single incubation 
step as the antibody bound to the solid support and labeled antibody are both 
added to the sample being tested at the same time. After the incubation is 
completed, the solid support is washed to remove the residue of fluid sample 
and uncomplexed labeled antibody. The presence of labeled antibody 
associated with the solid support is then determined as it would be in a 
conventional "forward" sandwich assay. 
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In the "reverse" assay, stepwise addition first of a solution of labeled 
antibody to the fluid sample followed by the addition of unlabeled antibody 
bound to a solid support after a suitable incubation period is utilized. After 
a second incubation, the solid phase is washed in conventional fashion to free 
it of the residue of the sample being tested and the solution of unreacted 
labeled antibody. The determination of labeled antibody associated with a 
solid support is then determined as in the "simultaneous" and "forward" 
assays. 

The above-described in vitro or in vivo detection methods may be used 
in the detection and diagnosis of AD without the necessity of removing tissue. 
Such detection methods may be used to assist in the determmation of the stage 
of neurological deterioration in AD by evaluating and comparing the 
concentration of an NTP in the biological sample. 

As used herein, an effective amount of a diagnostic reagent (such as 
an antibody or antibody fragment) is one capable of achieving the desired 
diagnostic discrimination and will vary depending on such factors as age, 
condition, sex, the extent of disease of the subject, counterindications, if any, 
and other variables to be adjusted by the physician. The amount of such 
materials which are typically used in a diagnostic test are generally between 
0.1 to 5 mg, and preferably between 0.1 to 0.5 mg. 

The assay of the present invention is also ideally suited for the 
preparation of a kit. Such a kit may comprise a carrier means being 
compartmentalized to receive in close confmement therewith one or more 
container means such as vials, tubes and the like, each of said container means 
comprising the separate elements of the immunoassay. 

For example, there may be a container means containing a first 
antibody immobilized on a solid phase support, and a further container means 
containing a second detectably labeled antibody in solution. Further container 
means may contain standard solutions comprisii^ serial dilutions of the NTP 
to be detected. The standard solutions of an NTP may be used to prepare a 
standard curve with the concentration of NTP plotted on the abscissa and the 
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detection signal on the ordinate. The results obtained from a sample 
containing an NTP may be interpolated from such a plot to give the 
concentration of the NTP. 

JV. Illation of NTP 

The NTP proteins or fragments of this invention may be obtained by 
expression from recombinant DNA as described above. Alternatively, an 
NTP may be purified from biological material. 

For purposes of the present invention, one method of purification 
which is illustrative, without being limiting, consists of tiie following steps. 

A first step in the purification of an NTP includes extraction of the 
NTP fraction from a biological sample, such as brain tissue or CSF, in 
buffers, witii or without solubilizing agents such as urea, formic acid, 
detergent, or thiocyanate. 

A second step includes subjecting the solubilized material to ion- 
exchange chromatography on Mono-Q or Mono-S columns (Pharmacia LKB 
Biotechnology, Inc; Piscataway, NJ). Similarly, tiw solubilized material may 
be separated by any other process wherein molecules can be separated 
according to charge density, charge distribution and molecular size, for 
exanq)le. Elution of the NTP from the ion-exchaiige resin are monitored by 
an inununoassay, such as M-IRMA, on each fraction. Immunoreactive peaks 
would are then dialyzcd, lyophilized, and subjected to molecular sieve, or gel 
chromatography. 

Molecular sieve or gel chromatography is a type of partition 
chromatography in which separation is based on molecular size. Dextran, 
polyacrylamide, and agarose gels are commonly used for this type of 
separation. One useful gel for die present invention is Sepharose 12 
(Pharmacia LKB Biotechnology, Inc.). However, other methods, known to 
those of skill in the art may be used to effectively separate molecules based 
on size. 
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A fourth step in a purification protocol for an NTP includes analyzing 
the inununoreactive peaks by sodium dodecyl sulfate-polyaciylamide gel 
electrophoresis (SDS-PAGE), a further gel chromatographic purification step, 
and staining, such as, for example, silver staining. 

A fifth stq> in a purification method includes subjecting the NIP 
obtained after SDS-PAGE to af^nity chromatography, or any other procedure 
based upon affmity between a substance to be isolated and a molecule to 
which it can specifically bmd. For further purification of an NTP, affinity 
chromatography on Sepharosc conjugated to anti-NTP mAbs (such as Th9, or 
specific mABs generated against substantially pure NTP) can be used. 
Alternative methods, such as reverse-phase HPLC, or any other method 
characterized by rapid separation with good peak resolution are useful. 

Another method to purify an NTP is to use concentrated C5F obtained 
from patients with AD. For this procedure, 3(M0 milliliters are concentrated 
by iyophilization or Amicon filtration or the like, and subjected to two 
dimensional gel electrophoresis. Proteins are separated in one direction by 
charge in a pH gradient and then, subjected to molecular sieve 
chromatography in the other direction by polyacrylamide gel electrophoresis. 
NTP-immunoreactive proteins are identified as spots by the Th monoclonal 
antibodies (for example, Th 9) using Western blot anaylsis. The gel is cut 
and NTP proteins are eluted from the gel. NTP purified in this manner can 
be sequenced or used to make new monoclonal antibodies. 

It will be appreciated that other purification steps may be substimted 
for the preferred method described above. Those of skill in the art will be 
able to devise alternate purification schemes without undue experimentation. 

V. Gene Therapy Using Aniisense Oligonucleotides and Ribozymes 

Antisense oligonucleotides have been described as naturally occurring 
biological inhibitors of gene expression in both prokaiyotes (Mizuno et aL, 
Proc, Natl. Acad, Sci, USA 57:1966-1970 (1984)) and eukaiyotes (Heywood, 
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Nuddc Adds Res, 7^:6771-6772 (1986)). and these sequences presumably 
fUoctioo by hybndhing to complementaiy mRNA sequences, resulting in 
hybridization arrest of translation (Paterson, et at., Proc, Natl Acad. Set. 
USA, 74:43104314 (1987)). 

Andsense oligonucleotides are short synthetic DNA or RNA nucleotide 
molecules formulated to be complementary to a specific gene or RNA 
message. Through the binding of these oligomen to a target DNA or mRNA 
sequence, transcription or translation of the gene can be selectively blocked 
and the disease process generated by that gene can be halted (see, for 
example. Jack Cohen. Oligodeoxynucleotides, Antisense Inhibitors of Gene 
Egression, CRC Press (1989)). The cytoplasmic location of mRNA provides 
a tai^et considered to be readily accessible to antisense oligodeoxynudeotides 
entering the cell; hence much of the work in the field has focused on RNA as 
a target. Currently, the use of antisense oligodeoxynudeotides provides a 
useful tool for exploring regulation of gene expression in vitro and in tissue 
culture (Roihenberg. etal, L Natl Comer Inst. fi;:1539-1544 (1989)). 

Antisense therapy is the administration of exogenous oligonucleotides 
which bind to a target polynucleotide located within the cells. For example, 
antisense oligonucleotides may be administered systemically for anticancer 
therapy (Smith. International Application Publication No. WO 90/09180). As 
described herein. NTP-related proteins arc produced by neuroectodermal 
tumor cells, malignam astrocytoma cells, glioblastoma cells, and in relatively 
high concentrations (i.e. relative to controls) in brain tissue of AD patients. 
Thus. NT? antisense oligonucleotides of the present invention may be active 
in treatment against AD, as well as neuroectodermal mmors, malignant 
astrocytomas, and glioblastomas. 

The NTP antisense oligonucleotides of the present invention include 
derivatives such as S-oligonucleotides (phosphorotiiioate derivatives or S- 
oligos, see. Jack Cohen, supra), S-oligos (nucleoside phosphorothioates) are 
isoelectronic analogs of an olig nucleotide (0-oligo) in which a nonbridging 
oxygen atom of the phosphate group is replaced by a sulfur atom. The S- 
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oligos of the present invention may be prepared by treatment of the 
corresponding 0-oligos with 3IM.2-benzodithiol-3-one-l,l-dioxide which is 
a sulfur transfer reagent. See Iyer et aL, /. Org. Chenu 55:4693-4698 
(1990); and Iyer et ai., J, Am. Chem. Soc, 772:1253-1254 (1990X the 
disclosures of which are fidly incorporated by reference herein. 

As described herein, sequence anaylsis of an NTP cDNA clone shows 
that NTP contains sequences which are nonhomologous to FTP DNA 
sequences (see Figure 9). Thus, the NTP antisense oligonucleotides of the 
present invention may be RNA or DNA which is complementary to and stably 
hybridizes with such sequences which are specific for an NTP. Use of an 
oligonucleotide complementary to this region allows for the selective 
hybridization to NTP mRNA and not to mRNA specifying PTP. Preferably, 
the NTP antisense oligonucleotides of the present invention are a 15 to 30-mer 
fragment of the antisense DNA molecule codirig for the nonhomologous 
sequences of the AD 3-4 cDNA, such as: 

1. 5'-CCGATTCCAACAGACCATCAT-3' [SEQ ID NO: 1]; 

2. 5'-CCAACAGACCATCATrCCACC-3' [SEQ ID NO: 2]; and 

3. 5'-CCAAACCGATTCCAACAGACC-3' [SEQ ID NO: 3], 
Preferred antisense oligonucleotides bind to the 5'-end of the ADlO-7 

mRNA. Such antisersse oligonucleotides may be used to down regulate or 
inhibit expression of the NTP gene. Examples of such antisense 
oligonucleotides (30-mers) include: 

1. 5'-CCTGGGCAACAAGAGCGAAAACTCCATCTC-3' [SEQ 
ID NO: 4]; 

2. 5'-ATCGCTTGAACCCGGGAGGCGGAGGTTGCG.3' [SEQ 
ID NO: 5]; and 

3. 5'-GGGGAGGCTGAGGCAGGAGAATCGCTTGAA-3 '[SEQ 
ID NO: 6]. 

Included as well in the present invention are pharmaceutical 
compositions comprising an effective amount of at least one of the NTP 
antisense oligonucleotides of the invention in combination with a pharma- 



wo 96/15272 



PCTAJS95/17111 



-49- 

ceudcally acceptable carrier. In one embodiment, a single NTP andsense 
otigonucleotide is utilized. In another embodiment, two NTP antisense 
oligonucleotides arc utilized which are complementaiy to adjacent regions of 
the NTP genome. Administration of two NTP antisense oligonucleotides 
which are complementary to adjacent regions of the genome or corresponding 
zdRNA may allow for more efficient inhibition of NTP genomic transcription 
or mRNA translation, resulting in more effective inhibition of NTP 
production. 

Preferably, the NTP antisense oligonucleotide is coadministered with 
an agent which enhances the uptake of the antisense molecule by the cells. 
For example, the NTP antisense oligonucleotide may be combined with a 
lipophilic cationic compound which may be in the fonn of liposomes. The 
use of liposomes to introduce nucleotides into cells is taught, for example, in 
U.S. Patent Nos. 4.897,355 and 4.394,448. the disclosures of which arc 
incorporated by reference in their entirety. See also U.S. Patent Nos. 
4,235.871. 4.231.877, 4,224,179. 4.753.788. 4.673,567. 4.247,411. 
4,814,270 for general methods of preparing liposomes comprising biological 
materials. 

Alternatively, the NTP antisense oligonucleotide may be combined with 
a lipophilic carrier such as any one of a number of sterols including 
cholesterol, cholate and deoxycholic acid. A preferred sterol is cholesterol. 

In addition, the NTP antisense oligonucleotide may be conjugated to 
a peptide that is ingested by cells. Examples of useful peptides include 
peptide hormones, antigens or antibodies, and peptide toxins. By choosing a 
peptide that is selectively taken up by the neoplastic cells, specific delivery of 
the antisense agent may be effected. The NTP antisense oligonucleotide may 
be covalentiy bound via the 5 'OH group by formation of an activated 
aminoalkyl derivative. The peptide of choice may then be covalentiy attached 
to the activated NTP antisense oligonucleotide via an amino and sulfhydryl 
reactive hetero bifunctional reagent. The latter is bound to a cysteine residue 
present in the peptide. Upon exposure of cells to the NTP antisense 
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oligomicleotide bound to the peptide, the peptidy] antiseose agent is 
endocytosed and the NTP antisense oligonucleotide binds to the target NTP 
mKNA to inhibit translation (Haralambid et al. , WO 8903849; Lebleu et al , 
EP 0263740). 

The NTP antisense oligonucleotides and the pharmaceutical composi- 
tions of the present invention may be administered by any means that achieve 
their intended purpose. For example, administration may be by parenteral, 
subcutaneous, intravenous, intramuscular, mtra-pcritoneal, or transdennal 
routes. The dosage administered will be dependent upon the age, health, and 
weight of the recipient, kind of concurrent treatment, if any. frequency of 
treatment, and the nature of the effect desired. 

Compositions within the scope of this invention include all composi- 
tions wherein the NTP antisense oligonucleotide is contained in an amount 
effective to achieve inhibition of proliferation and/or stimulate differentiation 
of the subject cancer cells, or alleviate AD. While individual needs vary, 
determination of optimal ranges of effective amounts of each component is 
with the skill of the art. Typically, the NTP antisense oligonucleotide may be 
administered to mammals, e.g. humans, at a dose of 0.005 to 1 mg/kg/day, 
or an equivalent amount of the pharmaceutically acceptable salt thereof, per 
day of the body weight of the mammal being treated. 

Alternatively, antisense oligonucleotides can be prepared which are 
designed to interfere with transcription of the NTP gene by binding 
transcribed regions of duplex DNA (including introns, exons, or both) and 
forming triple helices (Froehler fl/. , WO 91/06626; Toole, WO 92/10590). 
Preferred oligonucleotides for triple helix formation arc oligonucleotides 
which have inverted polarities for at least two regions of the oligonucleotide 
(Id,), Such oligonucleotides comprise tandem sequences of opposite polari^ 
such as 3'— 5'-I^5'— 3', or 5'— 3'-L-3'— 5', wherein L represents a 0-10 
base oligonucleotide linkage between oligonucleotides. The inverted polarity 
form stabilizes single-stranded oligonucleotides to exonuclease degradation 
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(Froehler et al., supra). Preferred trq>le heiix-forming oligonucleotides are 
based upon SEQ ID NOs 1-3: 

1. 3'-TACTACCAGACAACCTTAGCC-5'-l^ 
5'-CCGATTCCAACAGACCATCAT-3' [SEQ ID NO: 7]; 

2. 5'-CCGATTCCAACAGACCATCAT-3'-I^ 
3'-TACTACCAGACAACCTTAGCC-5' [SEQ ID NO: 8]; 

3. 3'-CCACCTTACTACCAGACAACC-5'-I^ 
5'-CCAACAGACCATCATTCCACC-3' [SEQ ID NO: 9]; 

4. 5'-CCAACAGACCATCATTCCACC-3'-I^ 
3'-CCACCTTACTACCAGACAACC-5' [SEQ ID NO: 10]; 

5. 3'-CCAGACAACCTTAGCCAAACC-5'-I^ 
5'-CCAAACCGArrCCAACAGACC-3' [SEQ ID NO: 11]; 

and 

6. 5'-CCAAACCGATTCCAACAGACC-3'-I^ 
3'-CCAGACAACCTTAGCCAAACC-5' [SEQ ID NO: 12]. 

Thus, triple helix-forming oligonucleotides 1 and 2 are represented as 3'[SEQ 
ID NO: 115'-L"5'[SEQ ID NO: 1]3' and 5'[SEQ ID NO: 1]3'-L-3'[SEQ ID 
NO: 1]5', respectively. Triple helix-forming oligonucleotides 3 and 4 are 
represented as 3'[SEQ ID NO: 2]5'-W[SEQ ID NO: 2]3' and 5'[SEQ ID 
NO: 2)3'-L-3'[SEQ ID NO: 215', respectively. Triple helix-forming 
oligonucleotides 5 and 6 are represented as 3'[SEQ ID NO: 3]5'-L-5'[SEQ ID 
NO: 3]3' and 5'[SEQ ID NO: 3]3'-L-3'[SEQ ID NO: 3]5'. respectively. Of 
course, similar triple helix-forming oligonucleotide may be prepared with SEQ 
ID NOs. 4-6, or fragments thereof. 

In therapeutic application, the triple helix-forming oligonucleotides can 
be formulated in pharmaceutical preparations for a variety of modes of 
administration, including systemic or localized administration, as described 
above. 

The antisense oligonucleotides of the present invention may be 
prepared according to any of the methods that are well known to those of 
ordinary skill in the art, as described above. 
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Ribozymes provide an alternative method to inhibit mRNA fixnction. 
Ribozymes may be RNA enzymes, sclf-spllcing RNAs, and self-cieaviog 
RNAs (Cech et al. , Journal of Biological Chemistry 267/17479-17482 (1992)). 
It is possible to construct de novo ribozymes which have an endonuclease 
activi^ directed in trans to a certain target sequence. Since these ribozymes 
can act on various sequences, ribozymes can be designed for virtually any 
RNA substrate. Thus, ribozymes are veiy flexible tools for inhibiting the 
expression of specific genes and provide an alternative to antisense constructs. 

A ribozyme against chloramphenicol acetyltransferase mRNA has been 
successfully constructed (Haseloff et al. Nature 554:585-591 (1988); 
Uhlenbeck et al. Nature 525:596-600 (1987)). The ribozyme contains three 
strucmral domains: 1) a highly conserved region of nucleotides which flank 
the cleavage site in the 5' direction; 2) the highly conserved sequences 
contained in namrally occurring cleavage domains of ribozymes, forming a 
base-paired stem; and 3) the regions which flank the cleavage site on both 
sides and ensure the exact arrangement of the ribozyme in relation to the 
cleavage site and the cohesion of the substrate and enzyme. RNA enzymes 
constructed according to this model have already proved suitable in vitro for 
the specific cleaving of RNA sequences (Haseloff et at. , supra). 

Alternatively, hairpin ribozymes may be used in which the active site 
is derived from the mimis strand of the satellite RNA of tobacco ring spot 
virus (Hampel et a!.. Biochemistry 25:4929-4933 (1989)). Recently, a hahpin 
ribozyme was designed which cleaves human immunodeficiency virus type 1 
RNA (Ojwang et at,, Proc. Natl Acad, Set USA 59:10802-10806 (1992)). 
Other self-cleaving RNA activities are associated with hepatitis delta virus 
(Kuo et al„ 7, Virol 62:4429-4444 (1988)). 

As discussed above, preferred targets for NTP ribozymes are the 
nucleotide sequences which are not homologous with FTP sequences. 
Preferably, the NTP ribozyme molecule of the present invention is designed 
based upon the chloramphenicol acetyltransferase ribozyme or haiipin 
ribozymes, described above. Alternatively, NTP ribozyme molecules are 
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designed as described by Eckstein et al (International Publication No. WO 
92/07065) who disclose catalytically active ribozyme constructions which have 
increased stability against chemical and enzymatic degradation, and thus are 
useful as therapeutic agents. 

In an alternative approach, an external guide sequence (£GS) can be 
constructed for directing the endogenous ribozyme, RNase P, to intracellular 
NTP mRNA, which is subsequently cleaved by the cellular ribozyme (Altman 
€t al,, U.S. Patent No. 5,168,053). Preferably, the NIP EGS comprises a 
ten to fifteen nucleotide sequence complementary to an NTP mRNA and a 3'- 
NCCA nucleotide sequence, wherein N is preferably a purine (W.). After 
NTT EGS molecules are delivered to cells, as described below, the molecules 
bind to the targeted NTP mRNA species by forming base pairs between the 
NTP mRNA and the complementary NTP EGS sequences, thus promoting 
cleavage of NTP mRNA by RNase P at the nucleotide at die 5 'side of the 
base-paired region {Id.). 

Included as well in the present invention are pharmaceutical 
compositions comprising an effective amount of at least one NTP ribozyme 
or NTP EGS of the invention in combination with a phannaceutically 
acceptable carrier. Preferably, the NTP ribozyme or NTP EGS is 
coadministered with an agent which enhances the uptake of the ribozyme or 
NTP EGS molecule by the cells. For example, the NTP ribozyme or NTP 
EGS may be combmed with a lipophilic cationic compound which may be in 
the form of liposomes, as described above. Alternatively, the NTP ribozyme 
or NTP EGS may be combined with a lipophilic carrier such as any one of a 
number of sterols inchidi^g cholesterol, cholate and deoxycholic acid. A 
preferred sterol is cholesterol. 

The NTP ribozyme or NTP EGS, and the pharmaceutical compositions 
of the present invention may be administered by any means that achieve their 
intended purpose. For example, administration may be by parenteral, 
subcutaneous, intravenous, intramuscular, intra-peritoneal, or transdermal 
routes. The dosage administered will be dependent upon the age, health, and 
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weight of the recipient, kind of concunent treatment, if any, frequency of 
treatment, and tbe nature of the effect desired. For example, as much as 700 
milligrams of antisense oligodeoxynucleotide has been administered 
intravenously to a patient over a course of 10 days (i.e., 0.05 mg/kg/hour) 
without signs of toxicity (Sterling, "Systemic Antisense Treatment Reported. " 
Genetic Engineering News I2(22):l, 28 (1992)). 

Compositions within the scope of this invention include all composi- 
tions wherein the NTP ribozyme or NTP EGS is contained in an amount 
which is effective to achieve inhibition of proliferation and/or stimulate 
differentiation of the subject cancer cells, or alleviate AD. While individual 
needs vary, determination of optnnal ranges of effective amounts of each 
component is with the skill of the art. 

In addition to admmistering the NTP antisense oligonucleotides, 
ribozymes, or NTP EGS as a raw chemical in solution, the therapeutic 
molecules may be administered as part of a pharmaceutical preparation 
containing suitable phannaceutically acceptable carriers comprising excipients 
and auxiliaries which facilitate processing of the NTP antisense 
oligonucleotide, ribozyme, or NTP EGS into preparations which can be used 
phannaceutically. 

Suitable formulations for parenteral administration include aqueous 
solutions of the NTP antisense oligonucleotides, ribozymes, NTP EGS in 
water-soluble form, for example, water-soluble salts. In addition, suspensions 
of the active compounds as appropriate oily injection suspensions may be 
administered. Suitable lipophilic solvents or vehicles include fatty oils, for 
example, sesame oil, or synthetic fatty acid esters, for example, ethyl oleate 
or triglycerides. Aqueous injection suspensions may contain substances which 
increase the viscosity of the suspension include, for example, sodium 
carboxymethyl cellulose, sorbitol, and/or dextran. Optionally, the suspension 
may also contain stabilizers. 

Alternatively. NTP antisense RNA molecules, NTP ribozymes. and 
NTP EGS can be coded by DNA constructs which are administered in the 
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fonn of virions, which are preferably incapable of replicating in vivo (see^ for 
exan^le, Taylor, WO 92/06693). For example, such DNA constructs may 
be adnunistered using heipes-based viruses (Gage et al,^ U.S. Patent No. 
5,082,670). Alternatively. NTP antiscnse RNA sequences, NTP ribozymes, 
and NTP EGS can be coded by RNA constructs which are administered in the 
form of virions, such as retroviruses. The preparation of retroviral vectors 
is well known in the art {see, for example. Brown et aL, "Retroviral 
Vectors," in DNA Cloning: A Practical Approach, Volume 3, IRL Press, 
Washington. D.C. (1987)). 

Specificity for gene expression in the central nervous system can be 
conferred by using appropriate cell-specific regulatory sequences, such as cell- 
specific enhancers and promoters. For example, such sequences include the 
sequences that regulate the oligodendroglial-specific expression of JC vinis, 
glial-specific expression of the protcolipid protcm. and the glial fibrillary 
acidic protein genes (Gage et al„ supra). Since protein phosphorylation is 
critical for neuronal regulation (Kennedy, "Second Messengers and Neuronal 
Function," in An Introduction to Molecular Neurobiology , Hall, Ed., Sinauer 
Associates, Inc. (1992)), protein kinase promoter sequences can be used to 
achieve sufficient levels of NTP gene expression. 

Thus, gene therapy can be used to alleviate AD by inhibiting the 
inappropriate expression of a particular form of NTP. Moreover, gene 
therapy can be used to alleviate AD by providirig the appropriate expression 
level of a particular form of NTP. In this case, particular NTP nucleic acid 
sequences may be coded by DNA or RNA constnicts which are administered 
in the form of viruses, as described above. Alternatively, "donor cells" may 
be modified in vitro using viral or retroviral vectors containing NTP 
sequences, or using other well known techniques of introducing foreign DNA 
into cells (see, for example, Sambrook et al., supra). Such donor cells 
include fibroblast cells, neuronal cells, glial cells, and connective tissue cells 
(Gage et ai, supra). Following genetic numipulation, the donor cells are 
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graltcd into the central nervous system and thus, the genetically-modified cells 
provide the therapeutic form of NTP (Id,), 

Moreover, such virions may be introduced into the blood stream for 
delivery to the brain. This is accon:q>lished through the osmotic disruption of 
the blood brain barrier prior to administration of the virions (see, for exanqyle, 
Neuwelt, United States Patent No. 4,866»042). The blood brain barrier may 
be disrupted by administration of a phannaceutically effective, nontoxic 
hypertonic solution^ such as mannitol, arabinose, or glycerol (Id.), 

The following clones in E, coli were deposited according to the 
Budapest Treaty with the American Type Culmre Collection (12301 Parlclawn 
Drive. Rockville, Maryland. 20852): G2-2 Psa-DH5 (ATCC No. 69257); 
G5d-Psa-DH5 (ATCC No. 69258); l-9a-LX-l blue (ATCC No. 69259); 
AD3-4-DH1 (ATCC No. 69260); HB4-XL-blue (ATCC No. 69261); ADlO-7- 
DHl (ATCC No. 69262); AD2-2-DH1- (ATCC No. 69263); G5d-lPstf- 
EcoRI-DHS (ATCC No. 69264); and G2-2PstI-EcoRI-DH5 (ATCC No. 
69265). 

Having now generally described the invention, the same will be more 
readily understood through reference to the following Examples which are 
provided by way of illustration, and axe not intended to be luai^mg of the 
present invention, unless specified. 

Example 1 
Expression of NTP Immunoreactivity in CeU Lines 

Seven cell lines of central nervous system origin were identified that 
express thread protein immunoreactivity using the Th9 monoclonal antibody 
which was generated to the pancreatic form of the protein (Gross et al, J. 
Clin, Invest, 76:2115-2126 (1985)). but cross-reacts with thread proteins 
present in brain tissue and cerebrospinal fluid (Ozturk et al., Proc. Natl. 
Acad, Sci, USA 56:419-423 (1989); de la Monte et, al.. J. Clin, Invest. 
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S6:1004-1013 (1990); de la Monte et. aL, /. Neurol ScL 7/5:152-164 (1992); 
de la Monte et a!., Ann. Neurol, 52:733-742 (1992)). Among them were the 
following: two primitive neuroectodermal tumor (PNET) cell lines designated 
PNETl and PNET2; three glioblastoma cell lines Hgl 16. Hgl 17. and C6; 
the A172 glial cell line; and the SH-Sy5y neuroblastoma cell line. The 
glioblastoma cell lines and the A172 cells were obtained from the American 
Type Culture Collection (ATCC). SH-Sy5y cells were obtained from Dr. 
Biedler at Sloan-Kettering Memorial Hospital. The PNET cell lines have been 
described previously (The et aL, Nature genetics 5:62-66 (1993)), and were 
obtained from Dr. Rene' Bernards at the MGH Cancer Center. All cell lines 
were mamtained in EarKs Modified Eagle Medium supplemented with 10% 
fetal calf serum, and without antibiotics. 

To examine the cells for thread protein and other immunoreactivities, 
the cultures were harvested in phosphate buffered saline (PBS) (137 mM 
NaCl, 2.7 mM KCI, 4.3 mM NajHPO*. 1 .4 mM KH2PO4, pH 7.3) containing 
2 mM EDTA, and cytospin preparations were made using 10^ cells per slide. 
The cytospin preparations were fixed immediately in 100% methanol (-20'*C), 
air-dried, and then stored at -80°C until used. Prior to inununostaining, the 
slides were equilibrated to room temperature and hydrated in PBS. 
Nonspecific anybody binding was blocked with 3 % nonimmune horse seium. 
Replicate cytospin preparations £rom the same cultures were incubated 
overnight at 4*C with 5 or 10 figfml of primary antibody. Immunoreactivity 
was revealed by the avidin-biotin horseradish peroxidase method using the 
Vectastain Elite kit (Vector Laboratories, Buriingame. CA) according to the 
manufacturer's protocol, and with 3-3' diaminobenzidine (0.5 mg/ml plus 
0.03% hydrogen peroxide) as the chromogen. The cells then were 
counterstained with hematoxylin, dehydrated in graded alcohol solutions, 
cleared in xylenes, and preserved under coverglass with Permount (Fisher 
Scientific). 

Cytospin preparations of each cell line were immunostained with the 
thread protein monoclonal antibodies Th9, Th7, ThlO. Th29, Th34, TH46, 
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Th67, and Th90. In addition, replicate slides were immunostained with 
positive (neurofilament, glial fibrillary acidic protein (GFAP). and vimentin) 
and negative (desmin. Hepatitis B surface antigen-5C3) control monoclonal 
antibodies. Except for 5C3 which was generated in the mventor's laboratory 
(Fujita et al.. Gastroenterology 97:1357-1363 (1986)), the control antibodies 
were purchased (Boehringer-Mannheun). All serological reagents were 
diluted in PBS containing 1% bovine serum albumin (BSA), and all 
incubations except the one with primaiy antibody were carried out at room 
temperature in humidified chambers. The slides were washed in 3 changes of 
PBS between each step. 

Both PNETl and PNET2 cells expressed high and middle molecular 
weight neurofilament proteins and little or no glial fibrillary acidic protein or 
vimentin. The PNETl, PNET2, and SH-Sy5y cells expressed GAP-43, an 
abundant calmodulin-binding phosphoprotem that is highly expressed in 
immature neurons and in neurons undergoing regenerative cell growth 
(Benowitz^fl/., /. Neurosci. 5:2153-2163 (1983); DeGraanef a/., NeuroscL 
Lett. 67:235-241 (1985); Kalil era/., 7. Neurosci. 6:2563-2570 (1986)). The 
A172 and C6 cells expressed GFAP and vimentin. However. A172 also 
exhibited neurofilament immunorcactivity, raising doubt about its purely glial 
cell nature. None of the cell lines manifested immunoreactivity with 
ihonoclonal antibodies to desmin or to Hepatitis B surface antigen. As a 
negative control cell line, the Huh7 hepatocellular carcinoma cell line was 
similarly immunostained, and found not to exhibit any immunoreactivity with 
the above antibodies. However, the Huh cells were immunorcactive with 
monoclonal antibodies to the insulm receptor substrate protein, IRS-1 (data not 
shown) which was used as a positive control for this cell line (Sasaki et al, 
X Biol Chem, 265:1-4 (1993)). 

Using the Th9 monoclonal antibody, thread protein immunoreactivity 
was detected in primaiy PNET (A), primary glioblastoma (F), PNETl (B), 
and C6 cells (G), but not in hepatocellular carcinoma cell lines (Figures 1 A- 
IJ). In addition, Th9 immunoreactivity was detected in histological sections 



wo 96/15272 



PCT/US95/I71J1 



-59- 

from 8 of the 9 primaiy human CNS PNEIs, and from all 5 of the piimaiy 
human glioblastomas studied (Figures lA-lJ). Although all S cell lines 
exhibited intense immunoreactivity with the Th9 monoclonal antibody, they 
differed with respect to immunoreactivity for other Th monoclonal antibodies. 
The immunostaining reaction generated with the ThlO (C,H), Th7 (D,I), or 
Th46 monoclonal antibodies was either low-level (C.D) or absent (H,I,E,J) 
in PNETl (C-E) and C6 (H-J). PNET2 cells exhibited only low levels of 
immunoreactivity with Th7 and Th29» and they manifested no immunostaining 
with the other Th monoclonal antibodies. A172, C6» and SH-Sy5y cells 
displayed little or no immunoreactivity with Th monoclonal antibodies other 
than Th9. Huh7 cells exhibited no immunoreactivity with any of the thread 
protem monoclonal antibodies employed, whereas human pancreatic tissue was 
inununoreactive with all of the Th antibodies, which had been generated 
against the purified pancreatic form of thread protein (Gross et aL, J. Clin. 
Invest. 76:2115-2126 (1985)). 

Example 2 

Analysis of Thread Proteins by Monoclonal Antibody-Based 
Immunoradiometric Assay (M-IRMA) 

Cultured cells were washed in PBS and recovered in PBS containing 
2 mM EDTA. The cells were pelleted by centrilugation at 1000 x g for 15 
min, and then resuspended in lysis bufTer containing 50 mM Tris-HQ (pH 
7.5), 1% Triton X-100, 2 mM EGTA, 10 mM EDTA, 100 mM NaF, 1 mM 
Na4Pa07, 2 mM NajVO^. 100 /xg/ml phenyhnethylsulfonyl fluoride, 1 ^g/ml 
aprotinm. 1 /ig/ml pepstatm A, and 1 ^tg/ml leupeptin. The supernatant 
fractions obtained by centrifugation of the lysates at 14,000 x g for 10 min 
were used for the Western blot analysis, immunoprecipitation studies, and M- 
IRMA. Protein concentration was determined by the Lowry colorimetric 
assay. The samples were stored at -40**C. 
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M-IRMA is a highly sensitive two- or three-site forward sandwich 
assay which pennits quantitation of picomolar NTP in cell lysates, tissue 
culture medium, tissue homogenates, and body fluids (Ozturk et ai, Proc. 
Nasi Acad, Sci, USA 56:419-423 (1989); de la Monte et, al, J, Clin, Invest, 
5 55:1004-1013 (1990); de la Monte et, al,, J. Neurol, Sci, iii:152-164 (1992); 

de la Monte et al, Ann, Neurol. 32:iyh-141 (1992); Gross et al,, J, Clin, 
Invest. 76:2115-2126 (1985)). In addition, when combined with SDS-PAGE, 
M-IRMA can be used to determine molecular size of thread proteins and 
related species (Ozturk et al, Proc, Natl, Acad, Sci, USA 56:419-423 (1989); 

10 de la Monte et, al„ J, Clin, Invest, 86: 1004-1013 (1990); de la Monte et, al„ 

J, Neurol Sci ii5:152-164 (1992); de la Monte etal, Ann, Neurol 32:733- 
742 (1992)). M-IRMA involves capturing the immunorcactive thread proteins 
present in biological samples using monoclonal antibodies Th7 and ThlO 
affixed to a solid-phase matrix, and then detecting the captured antigen with 

15 a third radiolabeled tracer monoclonal antibody (Th9) to the same protein. 

Briefly. 1/4" polystyrene beads (Precision Ball, Inc) were coated with one or 
two monoclonal antibodies to tiuread proteins (usually Th7 + ThlO). Cell 
lysates or supernatant fractions of tissue homogenates (Ozmrk et al, Proc, 
Natl Acad. Sci USA 56:419-423 (1989); de la Monte et, al, J, Clin, Invest, 

20 56:1004-1013 (1990); de la Monte et, al, J, Neurol Sci 113:152-164 (1992): 

de la Monte et al, Ann, Neurol 52:733-742 (1992)) were mcubatcd over 
night with the coated beads to capture thread proteins present in the samples. 
The beads were washed 5x in PBS, and then incubated with '^-I labeled Th9 
as a tracer to detect the captured thread proteins. The concentration of thread 

25 protein in the lysate or tissue homogenate was determined from a standard 

curve generated with known quantities of purified thread protein. This highly 
sensitive assay can detect as littie as 10 pmol of thread protein in solution. 
To assay for thread proteins fractionated by SDS-PAGE. the wet gels were 
sliced at 2 mm intervals, and the proteins were eluted from each fraction into 

30 0.5 ml of PBS by shaking for 24 hours at room temperature. The eluates 

were assayed directiy for thread proteins by M-IRMA. 
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Contsponding with the widespread immunocytochemical staining of 
PNETl cells with Th7, ThlO. Th34, and Th29. thread protein 
immunorcactivity was readily measured in these cells by M-IRMA. In other 
woids» witfi Th7, ThlO, Th34, and Th29 monoclonal antibodies (MoAb) used 
as capture antibodies, either singularly or with two of them together, and 
labeled Th9 was used as the tracer, similarly high levels of thread protein 
were measured (Figure 2). In contrast, in PNET2, C6, and A172 cells, which 
exhibited intense immunoreactivity with Th9, but little or no 
immunocytochemical stainmg with the Th monoclonal antibodies that were 
used to capture antigen, the levels of thread protein detected by M-IRMA 
were mudi lower than those measured in the PNETl cells (Figure 2). 
Similarly, Huh7 cells, which manifested no immunocytochemical stainmg with 
any of the thread protem monoclonal antibodies, had virtually nondetectable 
levels of thread proteins in the cellular lysates by M-IRMA. The 
concentrations of thread protein in the cell lysates were computed from a 
standard curve generated with purified FTP using Th7 and ThlO as capture 
antibodies. The results expressed as mean S.D. pg/mg of total protein were 
as foUows: PNETl-13.1 ± 0.39; PNET2-2.06 ± 0.10; A172-3.38 ± 0.37; 
C6-2.52 ± 0.22; and Huh7-0.34 ± 0.05. 

Example 3 

Characterizfldon of Neural Thread Proteins in Tumor Cell Lines 

In Western Blot anaylsis. samples containing 100 /ig of protein were 
fractionated by SDS-PAGE. along with pre-labeled molecular weight 
standards. The proteins were blotted onto nylon membranes (Immobilon-P 
transfer membrane, Millipore) using a semi-dry transfer apparams (Integrated 
Systems). The membranes were washed in Tris buffered saline (TBS; 10 mM 
Tris. 0.85% sodium chloride, pH 7.5). and then blocked with TBS containing 
3% BSA. The blots were incubated overnight at 4°C with *"-I labeled Th9 
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monoclonal antibody. Unspecifically bound probe was removed by washing 
the membranes at room tempcrattire in TBS-BSA 3x15 min, and 1 x 30 min. 
The results were analyzed by autoradiography using Kodak XAR fihn. 

To prepare samples for immunoprecipitation studies, one milliliter 
samples of cell lysate containing approximately 1 mg/ml of protein were used 
for immunoprecipitation studies. The lysates were initially pre-cleared with 
non-relevant antibody (5C3 or antidesmin), and then with Protein A 
sepharose. Thread proteins were immunoprecipitated using 5-10 fig of Th9 
and Protein A sepharose (Sasaki efc/., /. BioL Chem. 268:1-4 (1993)). The 
immune complexes collected by centriftigation were resuspcnded in buffer 
containing 2% SDS and 10 mM /?-mercaptoethanoI, and then subjected to 
SDS-PAGE under denaturing and reducing conditions (Id.), Grade cellular 
lysates (100 fig protein) were analyzed simultaneously. The proteins were 
blotted onto Immobilon-P membranes and probed with labeled (Id,) Th9 
to detect thread proteins and related molecules. Negative control experiments 
were performed simultaneously using either monoclonal antibodies to Hepatitis 
B surface antigen (5C3) or to desmin. 

Metabolic labeling experiments were performed using monolayers of 
cells cultured in 100 mm^ petri dishes. Prior to labeling, the cells were 
exposed to methionine- and cysteine-ftee medium for 2 h. The medium was 
then replaced with 3 ml of DMEM containing 300 fid each of PS] 
methionine or [^S] cysteine. After labeling for 3 hours, the cells were 
incubated for various intervals with complete medium devoid radiolabeled 
amino acids and supplemented with 10 mM methionine. Cell lysates were 
prepared as described above. Thread proteins were immunoprecipitated using 
the Th9 monoclonal antibody and protein A sepharose, and the 
immunoprecipitation products were analyzed by SDS-PAGE and fihn 
autoradiography. 

For the in vivo phosphorylation sttidies, cells cultured as described for 
metabolic labeling studies were washed twice with TBS and incubated for 2 
h with phosphate-free Dulbecco's MEM containing 10% dialyzed fetal calf 
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senim. Then the cells were washed with TBS and incubated for 3 h with the 
same medhun comaining 400 ^Ci/ml of pP] oithophospboric acid. The cell 
lysates weie analyzed by immiuK^itcipitation with thread protein, and both 
positive (p36) and negative (desmin) control monoclonal antibodies, followed 
by SDS-PAGE. 

In Older to smdy the glycosylation state of neural thread proteins, cell 
culture lysates containing approximately 100 fig or protem were subjected to 
SDS-PAGE, and the fractionated proteins were transferred to Immobilon-P 
membranes (Millipore). 0- and N-glycans were detected by periodate 
oxidation followed by biotinylation, and then Western blot analysis with a 
Streptavidin-alkaline phosphatase probe and N6T/BCIP as the colorimetric 
substrate. The assays were perfonned using the GlycoTrack Kit (Oxford 
Glycosystems, Rosedale. NY) according to the protocol provided by the 
manufacmrer. 

Th9-immunoreactive proteins were detected in lysates of PNETl. 
PNET2, SH-Sy5y. C6, and A172 cells by four different methods: Western 
blot analysis, inmiunoprecipitation followed by Western blot analysis, 
metabolic labeling followed by immunoprecipitation, and SDS-PAGE 
combined with M-IRMA. Western blot analysis of crude cellular lysates using 
'^Mabcled Th9 demonstrated -21 kDa bands in the above cell lines (as 
icidicated by the arrow in Figure 3), but the signal intensity was low. In 
contrast, in lysates of human pancreatic tissue, the expected 17 kDa uncleaved 
and 14 kDa cleaved forms of pancreatic thread protein were readily detected 
by Western blot analysis (Figure 3). Thread proteins were not detected in 
lysates of human hepatocellular carcinoma cell lines. The strikingly greater 
abundance of thread proteins in pancreatic tissue compared with neuronal and 
glial cell lines is consistent with a previous finding of lO'-fold higher levels 
of thread proteins in pancreas and pancreatic juice compared with brain tissue 
and cerebrospinal fluid (OztarketaL,Proc. Natl. Acad. ScL USA 86:419-423 
(19S9); de la Monte eL al, 7. Clin, Invest. 55;1004-1013 (1990); de la Monte 
€t. al, J. Neurol ScL iJi: 152-164 (1992); de la Monte et al, Ann. Neurol 
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52:733-742 (1992)). Although one woiild expect that thiead proteins 
synthesized by PNET and glial cells are secreted as is the case for PTP and 
NTP, thread proteins were not detected in the tissue culture medium by 
Western blot analysis, even after concentratmg the medium four- or five-fold 
by lyophilization. 

Th9-immunoreactive thread protems were more readily detected in 
PNET and glial cell lines by first immunoprecipitating from the lysates with 
either Th7+Thl0 or Th9, and then performing Western blot analysis using 
'^Mabeled Th9 (direct) (Figure 3). or unlabeled Th9 with ^"Mabcled Protein 
A (indirect). Both methods demonstrated 21 kDa thread protein-related 
species, sunilar to those detected by Western blot analysis. In addition. - 17 
kDa bands were also observed in both PNET and glial cells, but the signal 
was inconsistent and low-level, as determined by Western blot analysis. As 
negative controls, the Huh7. HepG2, and FOCUS (Lun et al. In Vitro 
(Rocfcville) 2(?;493-504 (1984)) human hepatocellular carcinoma cell lines were 
studied simultaneously under identical conditions, and Th9-immunoreactive 
proteins were not detected m the cellular lysates. 

The molecukr sizes of thread proteins present in PNET and glial cells 
were most prominently demonstrated by metabolical labeling with '^S- 
methionine or '^S-cysteine, followed by immunoprecipitation using Th9 
ihonoclonal antibody. Monoclonal antibodies to desmin or to hepatitis B 
surface antigen (5C3) were used as negative controls for immunoprecipitation. 
In both PNET and glial cell lines, -26 and -21 kDa Th9-immunoreactive 
proteins were detected by SDS-PAGE analysis of the immunoprecipitated 
products (Figure 4B). In PNETl cells, the 21 kDa band appeared as a 
doublet (Figure 4A); the accompanying slightly higher molecular weight 
species appeared to be less abundant than the dominant band at -21 kDa. In 
addition, in both PNET and glial cell lines, there were also - 17 kDa Th9- 
immunoreactive proteins associated with bands of nearly the same intensity as 
the -21 kDa bands. In C6 cells, there were also -26 kDa, - 14-15 kDa 
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and 8 kDa Th9-inmnmoreactive proteins which were not detected in PNET 
cells (Figures 4A and 4B» arrows). 

The 21 kDa and 17 kDa thread proteins in SH-Sy5y, PNETl, A172, 
and C6 cells, and their absence in hepatocellular carcinoma cells were also 
demonstrated by SDS-PAGE/M-IRMA (Figures 5 A-5E). CeUular proteins 
fractionated by SDS-PAGE were eluted from the gels sliced at 2 mm intervals, 
and assayed directly for thread protein inununoreactivity by M-IRMA using 
Th7+Thl0 as capture antibodies, and *"I-labeled Th9 as the tracer. Despite 
low levels, two distinct peaks were evident in all neuroectodermal cell lines, 
but not in Huh7 hepatocellular carcinoma cells assayed simultaneously and in 
the same manner. The resolution of these gels did not permit distinction of 
- 17 kDa from - 14-15 kDa proteins which might have been present. 

PNETl and C6 cells were metabolically labeled with "P or ^S- 
methionine, and thread proteins were immunoprecipitated from the lysates 
using Th9 monoclonal antibody (Figure 6). As a negative control, 
immunoprecipitation studies were conducted using an equal portion of the 
cellular lysate and monoclonal antibodies to desmin protein (Figure 6, right 
panel). In the cells labeled with methionine. Th9-immunoreactive bands 
were detected at -26 kDa and *21 kDa (upper arrows), - 17 kDa (lower 
arrows), and also at - 14-15 kDa (Figure 6). After '^P labeling, only the 21 
kDa band was observed by immunoprecipitation with Th9 monoclonal 
antibody; the other molecular weight species did not appear to be 
phosphorylated (Figure 6). Phosphorylaied Th9-immunoreactive proteins were 
detected in C6 cells, but not in PNETl cells, but this might be due to less 
efficient labelmg smce PNETl cells grow slower than C6 cells. No bands in 
the 14 kDa to 26 kDa range were detected using monoclonal antibodies to 
desmin for immunoprecipitation (Figure 6). Carbohydrate moieties were not 
detected in Th9 immunoprecipitated protems (data not shown). 

The highest concentrations of thread protein were measured in 
subconfluent cultures of PNETl cells, i.e. during the log phase of growth, and 
the lowest concentrations in overnight serum-starved cultures (growth arrest) 
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(Figuie 7). Cultures that were 100% confluent also had lower levels of thread 
protein expression compared with proliferating cultures. Huh7 hepatocellular 
carcinoma cells (negative control) were simultaneously studied using identical 
culture conditions, but the levels of thread protein remained low throughout. 

Surprisingly* there was no change in the degree of thread protein 
immunocytochemical staining of PNET cells cultured under these various 
conditions. However, the degree to which the levels of thread proteins 
changed by M-IRMA measurement may not have been detectable by 
inmiunocytochemistry. Nevertheless, the reduction in cellular thread protein 
content induced by serum starvation was associated with a change in the 
phenotype of the cells. When the cells achieved 100% confluence or after 
they had been subjected to overnight serum starvation, the cell bodies reduced 
in size, and they exhibited striking changes in the degree and distribution of 
immunoreactivity for neurofilament protein, GAP-43, and GFAP (Figure 8). 
In PNET cultures that were 50% confluent, the cells exhibited punctate and 
often a polar distribution of neurofilament and GAP-43 immunoreactivity. 
whereas 100% confluent and serum-starved PNET cultures exhibited diffuse 
perikaryal immunoreactivity for both neurofilament and GAP-43. The 
punctate immunoreactivity may have corresponded with distribution of 
neurofilament and GAP-43 in neurites. In contrast, 50% confluent PNET 
cultures were devoid of GFAP immunoreactivity, while 100% confluent and 
serum-starved cultures contained conspicuous proportions of GFAP-positjvc 
cells. Moreover, the proportion of GFAP-immunoreactive cells was greatest 
in 100% confluent serum-starved cultures, followed by 50% confluent seium- 
starved cultures, and then 100% confluent culmres with medium containing 
10% fetal calf serum. Therefore, the reduction in thread protein levels 
measured in PNET cells subjected to overnight senmi starvation may have 
been due to differentiation of the cells toward an astrocytic phenotype. C6 
cells and other glioblastoma cell lines exhibited intense immunoreactivity with 
the Th9 monoclonal antibody, but the levels of thread protein measured by M- 
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IRMA were often low, possibly due to low-level immunoreactivity with other 
thread protein antibodies, including Th7 and THIO {see Figures lA-lJ). 

Example 4 

Cloning of Thread Proteins from Human cDNA Libraries 

Human brain cDNA libraries made from 17-18 week old feul brain 
(Stratagene. Inc.. La Jolla, CA). 2 year-old temporal lobe neocortex 
(Slratagene), and end-stage Alzheimer's disease cerebral cortex (In Vitrogcn; 
San Diego. CA) were screened using probes generated from a 416 bp DNA 
fragment corresponding to nucleotides 235-650 of the rat FTP cDNA. The 
rat FTP cDNA, designated 018. was isolated from a rat pancreatic cDNA 
library using synthetic 60mer DNA probes corresponding to nucleotides 45- 
104 and 345-404 of the published sequence (Terazono et al, /. BioL Chem. 
265:2111-2114 (1988); Watanabe et a/., 7. BioL Chem, 265:7432-7439 
(1990)). Approximately 2 x 10* plaques or colonics from each library were 
screened with low-stringency hybridization using standard techniques (see 
Sambrook et al„ supra). Putative clones were plaque/colony purified, and the 
DNA inserts were sequenced by the dideoxynucleotide chain termination 
method using T7 polymerase (USB Sequcnase; United States Biochemical 
Corp., Cleveland. OH). The sequences were compared with the Genebank 
database, and aligned with the nucleic acid sequences of other thread protein 
cDNAs. 

a. CNS Neural Thread Protein cDNA Isolated from Human Fetal Brain 
Library 

A 1.35 kilobase (kb) l-9a CNS thread protein partial cDNA was 
isolated in which only a small segment corresponds to an open reading frame, 
and the remainder, to a 3' untranslated region (Figure 9). The sequence of 
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an additional 150 nucleotides was obtained from 5' anchor PGR ampli^cation 
products. A second round of 5' anchor PGR amplification yielded a further 
upstream 600 bp product (Figure 9A). A portion of the l-9a cDNA sequence 
shares significant homology with the 5' end of the human FTP cDNA and the 
Reg gene (Figure 10). In addition, the initial 5' anchor PGR product has 60% 
homology with the 5' end of the Reg gene, and 63% homology with Exon 2 
of the human Reg gene (Figure lOA). Moreover, probes generated from the 
590 bp 5 '-end fragment of l-9a cDNA hybridized with human brain and 
pancreas mRNA (Figures 12A-12C). The l-9a sequence is also homologous 
with the AD2-2 and AD3-4 cDNAs in that at one end of their completed 
sequences, the overlaps are substantial (Figure lOB). 

b. CNS Neural Thread Protein cDNA Isolated from a Two-Year Old 
Temporal Cortex library 

The HB4 clone is a 593 base pair partial cDNA that was isolated from 
a 2-year old temporal cortex library. This cDNA contains an open reading 
frame at its 5' end and terminates at nucleotide 275. There is a 
polyadenylation signal begiiming at nucleotide 475, and the sequence ends 
with a poly-A tail (Figure 11 A). The deduced amino acid sequence of the 
partial HB4 clone predicts a protein with a molecular weight of 10.4 kDa, and 
a pi of 12.1. The HB4 cDNA exhibits 50% overall nucleic acid homology 
with the human FTP cDNA (Figure IID), a segment of the human Reg gene 
(Figure HE). 

c. Isolation of Neural Thread Protein cDNAs from an Alzheimer's 
Disease Library 

Using the 018 rat FTP cDNA probe, four related cDNAs were isolated 
from an AD brain library. These clones were designated: AD 2-2, AD 3-4, 
AD 4-4 and AD 16c (also called AD 10-7) (Figures 16A-16S). 
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The AD 2-2 cDNA is approximately 1.2 kb and it shares significant 
homology with the l-9a cDNA, AD 16c. rat FTP cDNA. and Exon 1 of the 
human Reg gene (Figure 17). The AD 2-2 probe generates a genomic 
Southern blot pattern similar to that obtained with the AD 3-4 probe. Figure 
16E depicts the complete nucleotide sequence of the AD2-2 cDNA clone that 
was isolated from an AD brain library. Random primer generated probes 
based on this sequence hybridized with human brain and neuronal samples but 
not with glial cell lines of with pancreatic RNA. 

Figures 16F, 161* 16J and 16K depict partial nucleotide sequences of 
the AD3-4 cDNA clones that were isolated from an AD brain library. 
Rnadom primer generated AD3-4 probes yielded two mRNA transcripts, 1.6 
kB and 3.4 kB. These mRNA species are over-expressed m AD brains, with 
an average of two-fold elevation compared with aged matched controls 
(N=8). 

The AD 3-4 cDNA 1.6 kb clone is identical to another clone isolated 
at the same time (AD 5-3) (Figure 18A). The AD 3-4/AD 5-3 cDNA exhibits 
substantial homology with the l-9a 5' anchor PCR products (Figure 18B), as 
well as with the human Reg gene and the Gen2a-EP genomic clone 
(Figure 18B). Southern blot analysis of human genomic DNA with the AD 
3-4 probe revealed a pattern similar to that obtained with the AD 2-2 probe. 

Figures 16L and 16M depict the partial nucleotide sequence of AD 4-4 
which is a 0.8 kb partial cDNA clone which is identical to another cDNA 
isolated at the same traie (AD 3-5). This AD 4-4 clone shares substantial 
sequence homology with AD 2-2 and l-9a cDNAs (Figure 19). Figure 16N 
depicts the complete nucleotide sequence of a partial cDNA clone isolated 
from an AD brain library. This cDNA hybridized with brain and neuronal 
cell line mRNA. yielding a single 1.4 kB transcript. 

Figure 160 depicts the nucleotide sequence of the 0.5 kb partial cDNA 
clone AD 16c (also called AD 10-7) that is 72% homologous with AD 2-2. 
and also aligns with human FTP and the human Reg gene sequences (Figures 
20A and 20B), 
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Figure 16R depicts, the complete nucleotide sequence of the ADlO-7 
clone that was isolated from an AD brain library. Hybridization of Northern 
blots using cither antisense cRNA probes or random primer generated DNA 
probes detected 2.6, 1.9. 1.4 and 0.9 IcB mRNA transcripts in neuronal cells. 
Neuronal cell lines expressed only the two largest transcripts, while mature 
adult human brains expressed predominantly the two smallest transcripts, and 
either very low or nondetectable levels of the 2.6 kB and 1.9 kB transcripts. 
Using an ADlO-7 probe, Northern blot analysis of RNA obtained from human 
liver, ovary, fallopian tube, colon, stomach, spleen, rectum, thyroid, 12 week 
placenta and kidney was negative. 

Figure 16S depicts the complete nucleotide sequence of the AD16c 
cDNA clone that was isolated from an AD brain library. Hybridization of 
Northern blots using random primer generated DNA probes yielded the same 
results as obtained with the ADlO-7 cDNA clone. The AD16c clone shares 
a 650 bp segment of near identity with ADlO-7. In addition, elevated levels 
of AD 16c mRNA were detected in AD brains compared with aged control 
brains by Northern blot analysis. 

Example 5 
Analysis of Brain Thread Protein Gene Expression 

Thread protein mRNA expression was examined m the following 
neuroectodermal tumor derived cell lines: central nervous system primitive 
neuroectodermal tumor cells designated PNETl and PNET2; HGL-16 and 
HGL-17 human glioblastoma cells; A172 human glioma cells; C6 rat glioma 
cells; and SH-Sy5y neuroblastoma cells. In addition, human brain tissue from 
patients with Alzheimer's disease or no neurological disease (aged controls), 
and embryonic and postnatally developing rat brain were assayed for thread 
protein mRNA expression. RNA extracted from human and rat pancreas 
served as positive controls. 
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RNA was extracted in 5 M guamdinium isothiocyanate, and then 
isolated by centrifugation through a cesium chloride step gradient (see 
Sambrook et aL, st^ra), RNA was quantified by measuring the absorbance 
at 260 nm and 280 nm. The thread protein mRNA transcript sizes were 
assessed by northern blot analysis, and the levels of expression were evaluated 
by RNA dot blot hybridization. Northern blot analysis was performed by 
electrophoresing samples containing 15 ftg of total cellular RNA through 1% 
agarose-formaldehyde gels. The RNA was transferred to nylon membrane, 
cross-linked with ultraviolet light, and hybridized with probes generated from 
a 600 bp fragment of the 1-9A cDNA clone. The fragment used for 
hybridization studies contained the regions most homologous with the human 
FTP cDNA. The probes were labeled with pP] a-dCTP by the random 
primer method (Amersham Corporation; Arlington Heights, IL). The blots 
were hybridized overnight at 42*C with 2 x 10* dpm /ml of probe in buffer 
containing 50% formamide, 5x SSPE, lOx Denhardt's (lOQx Denhardt's is 2 % 
FicoU, 2% bovine serum albumin, 2% polyvinylpyroUidine), 0.5% SDS 
(sodium dodecyl sulfate), and 100 /tg/ml of sheared denatured salmon sperm 
DNA. The membranes were washed in SSPE containing 0.25% SDS using 
standard methods. Autoradiograms were generated by exposing the 
membranes to Kodak XARfihn at -80**C. The membranes were subsequently 
stripped of probe and then rehybridized with a synthetic 30mer corresponding 
to 18s RNA to evaluate sample loading. 

Northern analysis of total cellular RNA usii^ probes made from the 
l-9a cDNA disclosed two dominant transcripts in central nervous system 
(CNS) tumor cell lines: one transcript was 1.6 kb, and the other was 0.9 kb 
(Figure 12A). In addition, in the SH-Sy5y neuroblastoma and PNEB cell 
lines, a larger 4.2 kb mRNA transcript was also detected. The 4.2 kb 
transcript may represent preprocessed mRNA. The same size transcripts were 
detected in adult (R. Brain) and newborn (NB) rat, but the 0.9 kb transcript 
was more abundant in the adult brain whereas the 1.6 kb transcript was more 
abundant in the newborn rat brain. In rat pancreas (R. Pane.), only a 0.9 kB 
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transcript was detected, conesponding to the size of rat FTP mRNA 
(Ttrazono et a!., J, Biol Chem. 263:2111-2114 (1988); Watanabc etal,, J, 
Biol Chem. 2(55:7432-7439 (1990)). mRNA transcripts were not detected in 
normal liver (Nl Liver). Using a probe generated from the 3' region of the 
l-9a cDNA, the 1.6 kb, but not the 0.9 kb transcript was revealed (Figure 
12B). Using a 30-mer probe conesponding to the most 5'-end of the I-9a 
cDNA, the higher molecular weight mRNA transcripts were detected (Figure 
12C). The 0.9 kb transcript was also evident with longer exposure of the 
blot. 

Northern analysis of human brain RNA disclosed a dominant 1.6 kb 
transcript, but also two and sometimes three smaller transcripts of 1.2 kb, 0.9 
kb, and 0.8 kb (Figure 13B). In contrast to the fmdings in cell lines, the 4.2 
kb mRNA transcript was seldom observed in adult human brain. 
Hybridization with human pancreas disclosed a 0.8 kb transcript, 
corresponding with the size of FTP mRNA. The transcripts detected in 
human brain and pancreas using l-9a probes were identical in size to the 
transcripts observed using FTP cDNA probes. 

Dot blot RNA hybridization to 5 ^ig of total RNA using the 600 bp 
fragment of the l-9a cDNA (NTP) demonstrated higher levels of expression 
in AD, compared with aged control brains (Figure 13 A). Rehybridization of 
the same membrane with a cDNA corresponding to i3*actin demonstrated 
similar loading of RNA in each dot. The observation of elevated levels of 1- 
9a-related mRNA in AD bram tissue is similar to that reported previously 
using 60mer probes corresponding to human PIP cDNA (de la Monte et. al, 
J. Clin, Invest, 56:1004-1013 (1990)). The differences between AD and 
control brains appeared to be due to differences in the levels of the 1.6 kb, 
0.9 kb and 0.8 kb transcripts, as shown in Figures 13 A and 13B. 

The AD-NTP 3-4 cDNA, isolated from the AD library, hybridizes with 
RNA from neuronal-derived neuroectodermal tumor cell lines, and human 
brain tissue. In the cell lines, 1.6 kb and 0.9 kb transcripts as observed with 
the l-9a probe were detected (Figure 21C). However, in human brain, *4 
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ld>, 1.6 kb. and 0.9 kb transcripts were detected, and the levels of expression 
for all thtee transcripts were higher in AD conq)ared with aged control brains 
(Figure 21D). 

AD 4-4 cDNA probe hybridized only with a 0.9 kb transcript, and 
only in neuronal cell lines. 



Example 6 

Direct Cloning and Sequencing of Thread Protein cDNAsfrom 
Neuroectodermal Tumor Cell Lines and Alzheimer's Disease Brain 



Thread protein cDNAs were cloned directly from PNETl, PNET2, 
SH-Sy5y. and A172 cells, and from Alzheuner's disease and aged control 
brain RNA using the 3'- and 5 '-RACE methods (Frohman et al, Proc. Natl 
Acad, ScL USA 55:8998 (1988); Ohara et al„ Proc. Natl. Acad. Sci. USA 
56:5673 (1989); Loh et al. Science 243:111 (1989)). Briefly, RNA was 
reverse transcribed using oligo-dT primers. For the 5'-RACE reaction, the 
cDNAs were amplifled by polymerase chain reaction (PCR) using a specific 
17-mer corresponding to a 5'-region of the l-9a sequence, and a 17 dT 
primer. The resulting PCR products were subjected to another round of 
amplification using another internal but overlapping 5'-end primer, and a 
specific 3'-17-mer corresponding to a 3' region of the l-9a sequence. For the 
3'-RACE reactions, the cDNAs were furst tailed with dCTP using tenmnal 
deoxynucleotide transferase, and then they. were amplified using a specific 
17-mer corresponding to nucleotides 781-797 of the l-9a clone and dG 
(17mer). A second nested PCR amplification was performed using a specific 
17mer corresponding to nucleotides 766-792 at the 3* end. and dGTP (17mer) 
for the S* end. The PCR products were subjected to Southern blot analysis 
using probes generated from an internal DNA fragment of the l-9a cDNA 
clone, and from the 018 rat FTP cDNA clone. The PCR products were gel 
purified and ligated into pAmpl vectors using uracil deoxy transferase. The 
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subcloned DNA inserts were sequenced by the dideoxynucleotide chain 
termination method using T7 DNA poI>rinerase. 

CNS thread protein transcripts weie detected in neuroectodermal tumor 
cell lines and m AD human brain tissue by reverse transcription followed by 
PCR using specific primers corresponding to the 5' and 3' regions of the l-9a 
cDNA sequence. Southern blot analysis of the PCR products demonstrated 
two dominant cross-hybridizing species, 0.8 kb and 1.0 kb (Figures 14A and 
14B). In addition, in the SH-Sy5y cells, a larger 1.8 kb PCR product was 
also detected. In the PNETl. PNEH, SH-Sy5y, and A172 cells, a 0.4 kb 
PCR product that hybridized with the l-9a probe was observed. 
Corresponding with the higher levels of thread protein mRNAs in Alzheimer's 
disease brains, the hybridization signal was more intense in AD samples 
compared with aged control samples. 

The PCR products generated from the SH-Sy5y cells were subcloned 
and sequenced. Southern analysis of the cloned fragments exhibited intense 
hybridization with the l-9a cDNA, and less intense but definite hybridization 
with the 018 cDNA (rat PTP) (Figure 14C). The nucleic acid sequence of 
the SH-Sy5y PCR clone (Sy-NTP) was identical to the l-9a cDNA sequence. 

Example 7 

Isolation of Genomic Clones Coding for Human Brain Thread Proteins 

A human genomic DNA library was screened using probes made with 
a 600 bp fragment of the l-9a human brain thread protein cDNA that was 
isolated from the two year-old temporal cortex library. The l-9a cDNA 
fragment contained a region with 60% nucleic acid sequence homology with 
human PTP. After colony purification, the putative genomic clones were 
checked for cross-hybridization with the 018 rat PTP cDNA fragment. 
£coRI, Psth and EcoBI/Pstl restriction fragments that hybridized with both 
the l-9a and 018 probes were subcloned into pBluescript 11 vectors (Promega, 
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Inc., Madison, WI) and then sequenced by the dideoxynucleotide chain 
tennination method usmg either T7 polymerase (USB Sequenase) or 
polymerase chain reaction amplification and Vent polymerase. 

Four genomic ftagments designated Gl-lPstl-EcdRi, G5d-1 

Pstl, and G5d-1 Pstl-EcdSl were isolated from a human genomic DNA libiaxy 
(Figures 22A>22D). These genomic fragments all hybridized with both the 
l-9a and 018 cDNA probes, and they ranged in size between 1.5 kb and 3 
kb. Partial nucleic acid sequence information demonstrated homology 
between G2'2Pstl and the human Reg gene and human and rat FTP cDNAs 
(Figure 23A); between 02-2 Pstl-EcdBl and both the Reg gene and rat FTP 
cDNA (Figure 23B), and also with AD 2-2, AD 3-4, and the l-9a cDNAs 
(data not shown); between G5d-1 Pstl and the Reg gene and human FTP 
(Figure 23C); and between G5d-1 Pstl-EcoBl and Reg gene, human FTP, I- 
9a, and AD 4-4. 

Example 8 

In vitro Expression of the LacZ Fusion Protein and Demonstration of its 
Relatedness to Thread Proteins 



Fusion protein expression in bacteria containing the l-9a cDNA clone, 
or one of the four genomic clones was induced with isopropylthio-B-D- 
galactoside (IPTG) using standard techniques (Sambrook et al, , supra). Crude 
bacterial lysates from induced and uninduced.culmres were subjected to SDS* 
PAGE and Western blot analysis using the Th9 monoclonal antibody to thread 
protein (Sasaki era/., /. Biol. Chem. 268:1-4 (1993)), and labeled protein 
A to detect the bound antibody. In addition, bacterial lawns containing cloned 
DNA were induced to express the fusion protein with IPTG, and replica filters 
were probed directly with Th9 monoclonal antibody followed by labeled 
protein A. 
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Thread protein immunoreactivi^ was demonstrated in the bacterial 
fusion proteins by direct antibody binding to the IPTG-induced colonies 
(Figures 24A-24D). Thread protein immunoreactivity was detected using a 
cocktail of Th9, Th7, and ThIO monoclonal antibodies to FTP (Sasaki et al,, 
5 J. Biol Chem, 268:1-4 (1993), and labeled Protein A. 

Example 9 

Reladve Levels ofADlSc mRNA in AD and Aged Control Brains 

Northern blot analysis was performed using an AD16 cDNA probe. 
The blots were re-probed to detect 18s ribosomal RNA to evaluate loading of 

10 RNA in each lane. The unsaturated autoradiograms were subjected to 

densitometric analysis using a Molecular Dynamics Image Analyzer. The 
ratios of the AD16c and 18s RNA hybridization signals were plotted for each 
case, and the results are depicted graphically in Figures 25A and 25B. The 
mean ratios (relative levels of AD16c) with standard errors are depicted in the 

15 smaller right hand graph. The findings confirm that there are elevated levels 

of AD16c mRNA expression in 6 of 9 AD brains compared to 1 of 6 age- 
matched controls. The difference between the mean levels is highly 
statistically significant (P< 0.005). Similar results were obtained using ADIO- 
7 probes. Theses results demonstrate that there is a statistically significant 

20 increase in levels of expression in AD brains compared to control brains. 

Example 10 

Preparation of Recombinant ADlO-7 Fusion Protein and Detection 
Thereof With Monoclonal Antibodies 

ADlO-7 cDNA was ligated into pTrcHIS vectors (In Vitrogen, San 
25 Diego) in three different reading founes (two incorrect-A and B, and one 

corrcct-C). Bacteria transformed with one of the three plasmids were induced 
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with IPTG and bacterial lysates were examined for protein egression 0, 1 and 
5 hours later. The proteins were fractionated by SDS-PAGE, and Western 
blot analysis was performed using monoclonal antibodies against the expressed 
tag protem (T7-tag mouse monoclonal antibodies; Novogen). The blots were 
developed using the avidin-biotin, horseradish peroxidase method, with 
diaminobenztdine as the chtomogen (Figure 26). A band correspondmg to 
'-45 kDA was detected in bacteria that had been transformed with piasmid 
DNA which contained ADlO-7 ligated only in the correct reading frame (C) 
(arrow). The same size protein was observed by in vitro translation of the 
ADlO-7 cDNA in a rabbit reticulocyte lysate assay system. In both systems, 
the fusion partner peptide was ^3 kDA, indicating that the cDNA encodes a 
protein of about -42 kDA. A -42 kDA NPT species is routinely detected 
by Western Blot analysis of neuronal cell lines and of human brain tissue. 



Example 11 



Demonstration of Neuronal Localizfftion of ADlO-7 mI(NA Expression by 
In Situ Hybridization 



Sense and antisense cRNA probes were generated from linearized 
ADlO-7 piasmid DNA using SP6 or T7 DNA-dependent RNA polymerase, 
respectively. The antisense probes hybridized with neuronal cell line mRNA 
as described above for this clone. The cRNA sense probes, on the other 
hand, failed to hybridize with RNA by Northern blot analysis. cRNA probes 
labeled with digoxigenin-UTP were hybridized with human brain tissue 
sections from early AD. After washing the sections extensively (de la Monte 
et al, /. Clin, Invest. 56:1004-1013 (1990)). the hybridized probes were 
detected using peroxidase or alkaline phosphatase conjugated monoclonal 
antibodies to digoxigenin, and the colorimetric reactions were revealed using 
standard methods. Examination f the sections by brightfield and darkfield 
microscopy demonstrated hybridization of AD 10-7 only in neurons (Fig. 27; 
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dense aggregates of white grains over cell bodies in (Fig. 27A)). In contrast, 
and similar to the findings by Northern blot analysis, the sense ADlO-7 cRNA 
probes failed to hybridize with brain tissue (Fig. 27B). 

Although the foregoing refers to particular preferred embodiments, it 
win be understood that the present invention is not so limited. It will occur 
to those of ordinary skill in the art that various modifications may be made to 
the disclosed embodiments and that such modifications are intended to be 
witlun the scope of the present invention, which is defined by the following 
Qaims. 

Example 12 

Levels of NTP Expression in AD and Other Neurodegenerative Diseases 

a. Cellular localization and accumulation of NTP immunoreactivity in 
AD brains demonstrated by immunohistochemistry 

NTP immunoreactivity was detected in histological sections with the 
high affinity Th9 monoclonal antibody to FTP, the pancreatic form of thread 
protein. Although the PIP MoAbs cross-react with NTP, NTP is disthict 
since it differs in molecular mass, and many antigenic epitopes present in FTP 
ate not shared with NTP. Moreover, hybridization smdies demonstrated NTP 
mKNA transcripts in neurons, indicating that NTP is synthesized in brain. 
NTP immunoreactivi^ is localized in neuronal perikatya, and in neuropil and 
white matter fibers. In AD, the density of NTP immunoreactive neurons, and 
intensity of hnmunoreactive staining are increased relative to intact aged 
control brains. Increased neuronal labeling in AD was detected in the cerebral 
cortex and subcortical nuclei. Within the neocortex. NTP immunoreactivity 
was primarily distributed in Layers IE, V, and VI. Although NTP 
immunoreactivity was detected in neurons with neurofibrillary tangles or 
granuole vacuolar degeneration, numerous neurons without overt 
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neurodegenerative changes also expressed high levels of NTP. NTP 
immimoreacdvi^ was not distributed in plaques or extracellular neuFOflbrillaiy 
tangles, and dystrophic neurites were not selectively labeled (de la Monte & 
Wands. Z Neurol ScL i;i:152-164 (1992); Ozturk. M. cr a/., Proc, Natl 
Acad. ScL 52:5627-5631 (1985)). 

Semiquantitative estimates of NTP expression in AD and other 
neurodegenerative diseases 

A detailed quantitative inzmunohistochemlcal analysis of NTP 
expression was performed using matched paraffm-embedded blocks of 
different brain regions from patients with AD (N=25), AD plus Parkinson's 
disease (PD) (Ns=8), PD. AD plus Down's syndrome (AD +DS) (N=6), or 
no neurological disease (aged controls) (N='21). In addition, brains with 
Huntington's disease (N=S) and multi^infarct dementia (N-2) were smdied 
as disease controls. The highest mean densities of NTP immunoieactive 
neurons were observed in AD and AD+DS. followed by AD+PD» then PD. 
The AD+PD brains had less severe AD lesions compared with AD. and PD 
had relatively few AD lesions. In contrast to neurofibrillaxy tangles and 
plaques which showed striking regional variation, the densities of NTP 
immunoreactive neurons were relatively uniform in different neocortical 
regions. Elevated levels of NTP immunoreactive expression were detected in 
PD dementia, but the levels were much lower than in AD or AD+PD (de la 
Monte & Wands, /. Neurol Sci. 7/5:152-164 (1992)). The finding of high 
densities of neurofilament immunoreactive dystrophic dendrites in PD 
dementia, similar to AD, suggested that AD histopaihological lesions may 
have been evolving at the time of death, and thus account for the modestly 
elevated levels of NTP in these cases. Specificity of the elevated NTP gene 
expression in AD was corroborated by the absence of increased NTP 
immunoreactivity in brains with Huntington's disease or multi-infarct 
dementia. However, in the vicinity of subacute cerebral infarction in both 
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control and diseased brains, NTP inununoreactivity was strikingly increased 
in viable appearing neurons, while in the setting of healed infarction, NTP 
immunoreactive expression was not elevated. Thus, NTP gene expression can 
be modulated by neuronal injury with attendant reparative or regenerative 
sprouting. 

c. Demonstration of elevated NTP levels in AD brain tissue by a 
quantitative radioimmunoassay 

A highly sensitive three-site monoclonal antibody-based 
inununoradioinetric assay (M-IRMA) was developed to measure NTP 
concentrations in biological fluids and tissue homogenates. The M-IRMA was 
developed using the Th7, Th9, and ThlO MoAbs to FTP, which are 
cross-reactive with NTP in tissue sections and brain homogenates. Briefly, 
the Th7 and ThlO antibodies, bound to polystyrene beads, were used to 
capture NTP in brain homogenates or biological fluids. The captured antigens 
were detected using *"I-labeled Th9 high affinity MoAb. The concentrations 
of NTP present in the samples were computed from a standard curve 
generated with different amounts of purified FTP. This highly sensitive assay 
detected as little as 10 pmol of thread proteins. 

Homogenates of fresh frozen brain tissue sampled immediately adjacent 
to the blocks taken for histological and immunohistochemical staining, were 
used to measure NTP concentrations. The tissue was homogenized in 
phosphate buffered saline (0.85% NaCl. 10 mM phosphate, pH 7.4) plus 
protease inhibitors. The supernatant fractions obtained after centrifugation at 
12,000 X g was used to measure NTP concentration by M-IRMA. Note that 
this gentle extraction procedure excluded membrane bound and insoluble NTP 
which may have been present in the tissue. However, the Th MoAbs bind to 
conformational rather than linear epitopes, and inununoreactivity was lost to 
unpredictable degrees in specimens that had been extracted with denaturing or 
reducing reagents. Using M-IRMA. significantly high levels of NTP were 
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detected in AD cerebral tissue compared with corresponding regions of intact 
aged control brains. In addition^ the concentrations of NTP in AD+DS and 
AD+PD were significantly elevated relative to control and PD. In AD, 
elevated levels of NTP were detected in all regions of cerebral cortex and in 
subcortical nuclei, and the degree of increased expression was correlated more 
with the patterns of NTP inununohistochemical staining in neurons than with 
the distribution of neurofibrillary tangles and plaques (de la Monte & Wands, 
/. Neural, ScL iiJ: 152-164 (1992)). 

d. Detection of NTP in cerebrospinal fluid 

NTP inmnmoreactivity was also detected in choroid plexus and 
ependymal epithelial cells, although corresponding mRNA expression has not 
been observed. NTP was assayed directly in cerebrospinal fluid (CSF) 
samples using M-IRMA. To detennine the molecular mass of NTP present 
in CSF and demonsttate its distinctiveness from PTP, which is present ui high 
concentrations in blood. CSF samples containing 100 ii% of protein were 
fractionated by SDS-PAGE, and proteins cluted from the gel fractions were 
assayed for NTP by M-IRMA as described above. Unlike brain tissue in 
which several different size NTP-related molecules may be expressed, the only 
species of NTP detected in clear CSF samples had an Mr of -21 kD. In 
contrast, hemorrhagic samples contained a dommant 21 kD peak, and another 
14 kD peak, probably corresponding to PTP. In several samples of AD CSF 
or ventricular fluid, 21 kD NTP molecules could also be detected by 
inmiunoprecipitation followed by Western blot analysis using monoclonal or 
polyclonal Th antibodies. 

e. Demonstration of elevated levels of NTP in AD CSF 

NTP concentrations were measured in paired postmortem samples of 
clear ventricular fluid (VF) and temporal lobe neocortex using M-IRMA. The 
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concentradons of NTP in postmortem ventricuiar fluid from patients with 
histopathologically proven AD were signiflcantiy elevated compared with the 
levels in similar specimens from aged control patients. In addition, the 
concentrations of NTP measured in ventricular fluid were positively correlated 
with the levels of NTP in cerebral tissue, such that die mean values were 
nearly identical. Intact aged control aiul PD brain and VF samples contained 
low levels of NTP. As observed in histological sections, in the settmg of 
subacute cerebral infarction or non-specific injury, during an interval when 
regenerative neuronal sprouting would be expected, the levels of NTP 
measured in both cerebral tissue and VF were also elevated. However, in 
specimens from patients with remote cerebral infarcts and multi-infarct 
dementia, no elevation of NTP was detected in either brain tissue homogenates 
or VF samples (de la Monte. S.M. et aL, Ann. Neurol 32:133-1 Al (1992)). 

/ Detection of elevated levels of NTP early in the course of AD 
dementia 

A large clinically-based stody was conducted to determine whether the 
concentrations of NTP in CSF of patients with early manifestations of AD 
were significantly elevated compared with neurological disease (PD. Multiple 
sclerosis-MS) and non-demented control patients (back pain, cervical 
spondylosis, depression, headache, psychosis). NTP concentrations were 
measured by M-IRMA, and the assays and data analysis were conducted under 
code. In patients with clinically diagnosed AD. with confirmed follow-up 6 
to 10 years later, die concentrations of NTP were signiflcantiy elevated 
compared with both the non-demented and neurological disease control 
patients (Table 1) (de la Monte. S.M. etai, Ann. Neurol 52:733-742 
(1992)). Comparison of antemortem early AD CSF levels witii postmortem 
temporal neocortex and ventricular fluid end-stage AD levels demonstrated 
striking increases in mean NTP concentration with progression of disease, as 
opposed to no significant change over die same intervals in aged control 
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samples, Moieover* in paired samples fFom 9 patients with AD, the 
concentrations of NTP in postmortem brain and CSF were 5- to 50-fold higher 
than in corresponding antemortem CSF samples obtained approximately 6 
yean earlier. These findings demonstrated that NTP levels were significantly 
elevated in CSF of individuals with AD, and that NTP levels in CSF may 
increase strikingly with progression of dementia and neuronal degeneration. 
Thus, elevated concentrations of NTP in CSF can serve as an in vivo marker 
for AD neuronal degeneration. 



Table 1: Elevated NTP Levels in Antemortem CSF in Early AD 
Dementia 





AD 


FD 


MS 


Control 


P-value 


No. of Patients 


84 


45 


73 


73 




Age (years) 


76 


61 


41 


55 


< 0.01 


Blessed Score 


15 


5 


ND 


ND 


< 0.001 


CSF NTP (ng/ml) 


4.2 


1.9 


1.6 


1.3 


< 0.001 






Example 13 







Cloning of the human brain cDNA encoding NTP 

a. Strategy for Isolating NIP cDNAs 

Using probes prepared with a rat FTP cDNA» a sipgle 1 .4 kB mRN A 
transcript was detected in AD and DS brains (dc la Monte. S.M. et ai, 7. 
Clin. Invest. 55:1004-1013 (1990)). However, low stringency hybridization 
with either rat or bovine FTP cDNA probes revealed 4 distinct 
cross-hybridizing NTP transcripts in human brain. To isolate NTP cDNAs, 
several human brain cDNA libraries were screened using probes derived from 
the 3' half of the rat FTP cDNA. Clones were selected for further smdy 
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based upon positive Southern blot analysis with probes derived from the 5' 
half of rat PIP. In addition to nucleic acid sequence analysis, final clone 
selection was based upon detection of the appropriate size mRNA transcripts 
in pancreas and human brain. An incomplete probable NTP cDNA initially 
isolated from an AD biain library, was then used to re-screen the AD brain, 
as well as a 17 week human fetal brain library to obtain full-length and other 
related cDNA clones. 

b. Characterisdcs of the AD7c-NTF cDNA isolated from an AD brain 
library 

The AD7C-NTP clone is a 1.39 kB complete cDNA that encodes a 
protein with a predicted Mr of 39 kDa (SEQ ID NO:120 and 121. nucleotide 
and amino acid sequence, respectively). The cDNA contains an AUG start 
codon, 1140 bp of continuous open reading frame, and a 250 bp 3' 
untranslated segment, followed by an AATAAA poly adenylation signal. One 
imusual feature of the AD7c-NTP cDNA is that it contains a tandemly 
repeated head-to-tail dimer of a 570 bp sequence within the coding region. 
The deduced amino acid sequence of the 570 bp sequence is 45% homologous 
with human FTP. Importantly, there is conservation of the positions of 5 of 
the 7 Cys residues, a feamre that appears to be characteristic of thread 
proteins (Ussene. C. etal,. Cancer Res. 52:5089-5095 (1992)). The 
AD7C-NTP protein contains a hydrophobic leader sequence with a potential 
cleavage at amino acid residue #15, and multiple Ser and Thr phosphorylation 
motifs. Correspondingly, several NTP molecules expressed in primitive 
neuroectodermal tumor cell lines (PNETl and PNEH). and in SH-Sy5y 
neuroblastoma cells are phosphorylated by insulin stimulation or by activation 
protein kinase C (see below). The translated AD7c-NTP protein also has 
numerous hydrophilic domains. 
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c. Tissue distribution ofADlc-NTP mRNA by Northern blot analysis 

Northern blot analysis was performed using 15 fig samples of total 
RNA extracted from adult human brain, kidney, liver, spleen, gastrointestinal 
tract (various regions) ovaries, fallopian tubes, uterus, thyroid, lung, skeletal 
5 muscle, and pancreas, and from adult rat brain, kidney, liver, spleen, 

gastrointestinal tract (various regions), testis, thymus, lung, skeletal muscle, 
and pancreas. Random primer generated [32P]dCTP-labeled DNA probes, 
prepared with the AD7c-NTP cloned insert as the template, hybridized under 
highly stringent conditions with RNA from human and rat brain and pancreas. 
10 Cross-hybridization signals were not detected in the other organs and tissues. 

In the pancreas, the AD7c-NTP probes hybridized with 0.9 kB transcripts, 
corresponding with the size of FTP, In adult human brain, the AD7c-NTP 
hybridized with 1.4 kB and 0.9 kB mRNA transcripts. In adult rat brain, the 
ADTc-NTP probes hybridized with 0,8 kB transcripts. 

15 d. Expression of mature and fetal brain forms of AD7€-NTP-related 

mRNA transcripts 

Northern blot analysis demonstrated 5 disiinci AI)7c-NTP-rclated 
mRNA transcripts. Two of the mRNA transcripts (3.2 kB and 1.9 kB) were 
mainly expressed in fetal brain and neoplastic neuronal cells, e.g. primitive 
neuroectodermal tumors cell lines, while the other three (1.4 kB, 1.2 kB, and 
0.8 kB) were primarily expressed in postnatal developing and mature brains. 
With increasing age, there was a progressive decline in the steady-state levels 
of all AD7c-NTP-related mRNA transcripts, and a shift toward exclusive, 
very low-level expression of the 0.8 kB transcript in the adult rat brain. The 
major decline in postnatal NTP gene expression was between days 1 and 8. 
coincident with the reduction in development-associated cortical neuritic 
sprouting. 
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c Demonstration ofADTc-NTP mRNA up-regulated expression in AD 
bruins 

AD7C-NTP mRNA expression was examined in AD and aged control 
brains by Northern blot analysis. RNA was extracted &om matched samples 
5 of frontal lobe neocortex (Brodmann Area 1 1), and 15 fig of total RNA were 

fractionated. Using random primer generated DNA probes, two 
AD7c-NTP-reIated mRNA transcripts, 1.4 kB and 0.9 kB were detected in 
both AD and control brains. Quantitative assessment of the levels of 
expression was made by volume densitometric analysis of unsaturated 

.10 autoradiograms. After correcting for differences in sample loading, based 

upon corresponding 18s ribosomal RNA hybridization signals (obtained by 
re-probing the blots with a 30mer corresponding to 18s RNA), it was 
determined that the steady state levels of both the 0.9 kB and 1.4 kB 
AD7C-NTP mRNA transcripts were elevated in most of the AD brain 

15 samples. In addition, the mean level of AD7c-NTP mRNA in AD brains was 

two-fold higher than in aged control braim (P<0.01). 

/. Cellular localization of ADJc-NTP mRNA expression by in situ 
hybridization 

In sim hybridization was used to demonstrate cellular localization of 
AD7c-NTP-related mRNA transcripts. Antisense and sense cRNA probes 
were prepared from linearized AD7c*NTP cDNA template, and purified from 
polyacrylamide gel. cRNA probes labeled with pP]-UTP were used in 
Northern blot analysis to demonstrate specificity of hybridization with 
antisense, and absence of hybridization with sense probes. In situ cRNA 
probes were labeled with digoxigenin-UTP. Hybridized probes were detected 
with alkaline phosphatase- or horseradish peroxidase-conjugated 
anti-digoxigenin antibodies, and BCIP/NBT substrate. AD7c-NTP gene 
expression was detected in cortical neurons of both AD and control frontal 
(Brodmann Area 11) and temporal (Area 21) neocortex using antisense cRNA 
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pTobes. Hybridization signals were not detected in white matter or glial cells, 
nor in tissue hybridized with sense cRNA probes (negative control). 

g. In vitro transladon and expression of the AD7c*NTP clone 

Sense and antisense RNA transcripts were incorporated into rabbit 
reticulocyte lysate in vitro translation assays, and the products analyzed by 
SDS*PAO£. A single 39 kD protem was generated by translation of sense 
strand cRNAs. SDS-PAGE analysis of AD7c-NTP recombinant fusion 
proteins generated in a pTrcHis expression vector (InVitrogen) also 
demonstrated the translated product to be -39 kD. Western blot analysis of 
AD7C-NTP recombinant proteins demonstrated positive immunorcactivity with 
polyclonal antibodies to PTP, under non-reducing conditions. 

A. Polyclonal antibodies to AJ}7c-NTP are immunoreacdve with PIT, 
and polyclonal anti-PTP is immunoreacHve with recombinant 
AD7C'NTP protein 

Rabbit polyclonal antibodies were generated to the AD7c-NTP-pTrcHis 
recombinant protein. The immunoglobulin fraction was precipitated with 
ammomum sulfate and dialyzed against PBS. In a radioimmunoassay, the 
polyclonal antibodies were specifically inununoreactive with the recombinant 
AD7C-NTP at greater than a 1:100,000 dihition of serum. Western blot 
analysis was performed under non-reducing conditions since the antibodies 
may recognize both conformational and linear epitopes. Both anti-AD7c-NTP 
and anti-PTP exhibited positive immunorcactivity with recombinant 
AD7C-NTP protein and purified PTP, However, tiie intensity of 
cross-reactivity was comparatively low-level for each antibody. 
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L Tissue and cellular distribution of anti-AD7c-NTP immunoreacdvity 

Western blot analysis demonstrated binding of anti-AD7c-NTP with 
pancreas and brain. The protein recognized in the lat pancreas was 17 kD» 
the same as detected with anti-PTP. Several low mtensity AD7c-NTP- 
immunoreactive bands were detected in adult rat brain, but the dominant 
species was -39 kD. All other rat organs were negative. The same 
distribution of immunorcactivity was observed with polyclonal anti-PTP, but 
with brain, the binding intensity was low-level, and most of the bands detected 
with the AD7C-NTP antibodies were not observed with the PTP antibodies. 
Immunocytochemical staining demonstrated positive immunorcactivity in 
PNET cells of neuronal phenotype, and in neurons, neuropil fibers, and axons 
of mature human brain. Glial cells were not immunoreactive with anti-AD7c- 
NTP. 

/ ADTc'NTP immunoreactivity in AD brtdn 

Studies using postmortem brain tissue demonstrated more abundant and 
greater intensities of cortical neuron labeling in AD (N=5) compared with 
intact aged control (N=5) brains. Studies were conducted to examine the 
molecular sizes of AD7c-NTP-related proteins expressed in AD and aged 
control brams by either direct Western blot analysis, and by 
immunoprecipitation followed by Western blot analysis with the same 
antibodies. 21 kD. 26 kD, and 39 kD AD7c-NTP-related molecules were 
fomid in AD (N=6), control (N=7). and infant Down' syndrome (N=l) 
brains, but higher levels of the 21 kD NTP protein were found in AD relative 
to control. Although the same size bands were detected with polyclonal 
anti-PTP, the sensitivity was low. and the relative intensities of the bands 
were different. For example, the 21 kD and 39 kD NTP molecules were 
more clearly detected with the AD7c-NTP antibodies. In addition, these 
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studies demonstrated abnonnal size AD7c-NTP-related bands in several AD 
brains. 

JL Chamcteristics of the large library of MoAbs generated to 
recombinant AD7c»NTP protein 

150 mouse MoAbs were generated to the AD7c-NTP recombinant 
protein. The hybridoma supematants were screened by western blot analysis 
and immunohistochemistry using AD and control brain, and radioinmiunoassay 
of recombinant AD7c-NTP. With another radioimmunoassay, the MoAbs 
were also screened against FTP. The objectives of these sttidics were to do 
the following: I) select high affinity antibodies that recognize 
AD7c-NTP-related proteins (NTP), but not FTP; 2) identify antibodies that 
recognize or bind to neurons in AD brains to a greater extent than in control 
brains; and 3) determine which antibodies bind to molecules in brain tissue or 
CSF that are the same size as recombinant AD7c-NT?. These reagents enable 
specific detection of elevated levels of NTP in brain tissue, and also in CSF. 
Analysis of 25 representative MoAbs demonstrated several with 
cross-reactivity between PTP and AD7c-NTP, but most with strong binding 
only to AD7C-NTP. Western blot analysis confirmed high level binding of all 
25 MoAbs with recombinant AD7c-NTP. In addition, 6 antibodies were 
identified that recognized precisely the same size molecules in brain as 
detected in the fusion protein, 6 others that recognized slightly high molecular 
weight molecules in brain, and 10 with low-level or absent binding in brain. 
The three remaining antibodies recognized completely different size bands in 
brain compared with ADTc-NTP itself. Inmiunohistochemical staming smdies 
demonstrated 5 MoAbs with similar high-level binding in AD and control 
brains, 3 with more intense aid widely distributed inununoreactivity in AD 
brains, 6 with low-level binding in both AD and control brains, and 11 with 
little r no binding to histological sections of brain. The degree of bindmg by 
immunohistochemistry correlated with the findings by Western blot analysis. 
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L A ra^oimmunoassay to measure levels ofAD7c-NTP-reUU€d proteins 
in brain tissue and biological fluids (CSF, serum, urine) 

A M-IRMA has been developed to specifically measure AD7c-NTP 
concentrations in brain, CSF, and blood. Empirical studies have been 
performed with a large matrix of MoAbs linked to a solid phase support to 
determine which antibodies were suitable for capture of AD7c-NTP antigen 
in biological fluids. MoAbs were then selected for their high binding 
capability to recombinant AD7c-NTP bound to a solid phase support after 
labelmg with '"I. MoAbs #2 and #5. used in the M-IRMA, were selected 
from a panel of 25 MoAbs because of the following characteristics: 1) the 
antibodies were highly reactive to recombinant AD7c-NTP and not PTP when 
bound to a solid phase support; 2) the MoAbs specifically stained neurons in 
AD brains; 3) the MoAbs reacted with a 42 kD species in cell lysates of AD 
brain by Western blot analysis; and 4) the MoAbs were of the IgGl isotype, 
and therefore suitable for labeling with '"I. Finally, competitive inhibition 
experiments were performed to demonstrate that the MoAbs recognized 
separate and distinct antigenic determinants on AD7c-NTP molecules. 

m. Isolation of AD7c-related cDNAsfrom an AD brain library 

In addition to the AD7c-NTP clone, five related but distinct cDNAs 
(AD12-1, AD16b, AD19-1, ADHD, AD16c) were isolated from the AD 
brain library. All 5 cDNAs share cither an identical or nearly identical 570 
bp sequence with the AD7c-NTP clone. Each of the cDNAs has been 
subcloned into pTrc-His expression vectors for analysis of the corresponding 
fiision proteins by SDS-PAGE. Western blot, and M-IRMA. Each of these 
fusion proteins was iiranunoreactive with polyclonal AD7c-NTP antibodies. 
Unique DNA and antibody reagents are made to distinguish expression of the 
corresponding mRNAs and proteins in neuronal cells and brain tissue. The 
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same reagents are used to analyze function and evaluate expressios of distinct 
NT? genes in normal and pathological states. 

rt, holadon of ADJc-NJT-related cDNAs from a human fetal brain 
library 

Five AI>7c-NTP-related cDNA clones (FBl-3c, FB1-6C1. FB2-3C2. 
FB2-6C1, FB8-3B2) were isolated from a 17 week human fetal brain library. 
These cDNAs have been partially characterized, and like the AD clones, they 
also contain an identical or nearly identical 570 bp sequence as described for 
AD7C-NTP. The 5 FB cDNAs all hybridized to 3.2 kB and 1.9 kB mRNA 
transcripts in developing rat brains and PNET cell lines. However, the 
cDNAs exhibited different degrees (intensities) of hybridization with mature 
brain, and variability with respect to the number (between 1 and 3) of low 
molecular weight (0.8-1.2 kB) mRNA transcripts detected in immature brain 
and PNET cells. Sequence data analysis suggests that each of the five FB 
clones corresponds with at least one of the cDNAs isolated from the AD brain 
library. 

Example 14 

The biological functions ofNTP with respect to developmental regulation 
and cell growth in the CNS 

a. NTP expression is developmentally regulated 

Studies with human bram tissue suggested that NTP expression was 
developmentally regulated. Using the Th9 MoAb to PTP, and p^SJUTP- 
labeled cRNA probes generated with the rat FTP cDNA. NTP gene expression 
was examined in developmg and mature rat brains. By in situ hybridization, 
NTP mRNA expression was detected throughout the CNS at embryonic day 
13 (E13). The density of hybridization grains (levels of mRNA expression) 



wo 96/15272 



PCTAJS95/I7111 



-92- 

increased throughout development and peaked on postnatal day 8 (P8). By 
P16, NTP mRNA expression was low-level and similar to adult brains. With 
regard to NTP inununoreactivity . faint widespread labeling of neuropil fibers, 
and intense focal labeling of ependynud lining cells were observed in EI3 
5 brains. Thereafter, was a rostral-to-caudal wave of neuronal perikaiyal NTP 

gene expression, such that olfactory structures were mainly labeled in E15 and 
E17 brains, while cerebellar cortical neurons were primarily labeled in P8 and 
P16 brains. Young adult and aged (>15 mos.) rat brains exhibited low. 
virtually non-detectable levels of NTP inununoreactivity in scattered cerebral 
10 cortex neurons. 

b. Quantitative assessment of NTP expression in developing rat brain 
using AD7C-NTP polyclonal antibodies 

Immunohistochemical staining studies using AD7c-NTP polyclonal 
antibodies yielded results similar to those obtained with FTP polyclonal 

15 antibodies. The greater specificity of AD7c-NTP antibodies for brain 

permitted Western blot analysis and quantitation of NTP expression. Western 
blot analysis disclosed 6 different size NTP-related proteins in rat brain: 15 
kD, 17 kD, 21 kD, 26 kD, 39 kD. and 42 kD. Densitomctric scanning of the 
autoradiographs revealed progressive declines in the levels of several NTP 

20 proteins with increasing age. Importantly, like himian brain, the 21 kD NTP 

molecules were expressed at high levels during development, and at low levels 
in the mature brain. The same was true for the 17 kD and 39 kD species. In 
contrast, levels of the 26 kD NTP molecules increased with age. while 
expression of the 42 kD species did not appear to be developmcntally 

25 regulated. 
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c. Aberrantly increased NTP expression in Down syndrome occurs prior 
to the establishment of AD histopathology and dementia 

In both control and Down syndrome 19-36 week fetus and infant 
brains, NTP immunoreactivity was widely distributed in neurons, neuropil 
fibers, and axons. In control brains, the densi^ of NTP-immunoteactive 
neurons and the intensity of neuropil fiber labeling reduced substantially 
within the first decade, generally by 5 or 6 years of age. Thereafter, NTT> 
immunoreactive expression remained low-level in all age groups. Adjacent 
histological sections were immunostained with a cocktail of MoAbs to 
neurofilament (SMI31+ SMI32 + SMI34) to delineate the frequency of AD 
lesions. None of the control brains had neurofibrillary tangles or dystrophic 
dendrites, but one elderly control had scattered neurofilament immunoreactive 
plaques. In Down syndrome, neurofilament immunoreactive superficial 
cortical dystrophic neuiites (dendrites) developed and proliferated during early 
childhood, probably representing one of the earliest histopathological 
manifestations of AD neuronal degeneration. Neurofibrillary tangles were 
first detected between ages 10 and 20 years, while 
neurofilament-immunoreactive plaques were initially detected in the fourth 
decade of life. 

In developing Down syndrome brains. NTP immunoreactive expression 
in neuronal perikaiya and neuropil fibers increased along with the large-scale 
proliferation of superficial neurofilament-immunoreactive dystrophic dendrites, 
and the appearance of neurofibrillary tangles. With increasing age and 
evolution of AD lesions, NTP expression further increased in Down 
syndrome. The increased NTP immunoreactivity was not restricted to neurons 
with neurofibrillary tangles or granuole vacuolar degeneration, nor was it 
localized in plaques. Increased NTP gene expression in Down syndrome 
brains begins at least two decades prior t the establishmem of clinical and 
histopathological AD. Thus NTP up-regulated gene expression is an early 
marker of AD neuronal degeneration, age and development of AD lesions. 
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dl Demonstration of distinct NTP molecules in developing and mature 
human brains 

The molecular sizes of the NTP molecules expressed in brain were 
determined by SDS-PAGE fractionation of 100 fig samples of protein, 
followed by radioimmunoassay (M-IRMA) of proteins eluted from gel slices. 
The results were graphed with respect to distances migrated by sunultaneously 
analyzed molecular weight standards. Regardless of age, the dominant NTP 
species detected in brain was 21 kDa. In AD, with or without underlying 
Down syndrome, small 39 kDa and 26 kDa NTP peaks were also detected. 
In both control and Down syndrome infant brains, a prominent 17 kD NTP 
peak was also detected. 

€. Development of an in vitro model to examine NTP expression during 
growth and differentiation 

Of the human primitive neuroectodermal tumor (PNET) cell lines- 
PNETl, PNET2. and SH-Sy5y-PNET1 and PNET2 were of CNS PNET 
origin, while SH-Sy5y cells were derived from a neuroblastoma. All primary 
human PNET brain tumore have been found to express NTP. The 3 PNET 
cell lines used were demonstrated to have neurofilament, synaptophysin, and 
GAP-43 immunoreactivities, conflnning their neuronal phenoiypes. In 
addition, PNET2 and SH-SySy cells undergo neuronal diHerentiation with 
neuritic sprouting, increased synaptophysin expression, and decreased 
vimentin expression following treatment with retinoic acid, insulin, or phorbol 
esther myristate (PMA). In contrast, the PNETl cells are highly primitive, 
and fail to exhibit growth factor mediated cell growth or differentiation. 

/. Characterization of NTP expression in PNET cells 

In all three PNET cell lines, five different NTP species with Mr's of 
39^2 kD, 26 kD, 21 kD, 18 kD, and 15 kD were detected by (1) direct 
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Wcstern blot analysis, (2) metabolic labeling followed by 
immunoprecipitation. or (3) radioimmunoassay (M-IRMA). NTP gene 
expression was detected using Th polyclonal or monoclonal antibodies to PIP. 
Unlike adult human brain where the dominant NTP species detected was 21 
kD, in PNET cells, the 39 kD. 18 kD. and 15 kD NTP molecules were most 
abundant, while the 21 kD and 26 kD were expressed at low or non-detectable 
levels. Pulse-chase and metabolic labeling studies demonstrated that the 18 
kD and 26 kD species were probably derived from other NTP molecules. 
Additional studies demonstrated phosphorylation of the 39 kD, 26 kD, 21 kD, 
and 18 kD NTP molecules. Moreover, tyrosyl phosphoiylated residues were 
detected in the 39 kD and 18 kD NTP molecules by Western blot analysis of 
the immunoprecipitated proteins. Finally, after stimulation with either PMA 
or insulin, a rapid supershifts in NTP molecular mass from 15 kD to 18 kD 
with incorporation of pP] orthophosphate as observed in SH-Sy5y and 
PNETZ cells. Glycosylation of NTP has not been detected. Therefore, at 
least some of the NTP molecules are likely to be phosphoproteins. 

^S-Met-labeled NTP molecules were inmiunoprecipiuted using PTP 
Th MoAbs. Rapid labeling of the 39 kD, 21 kD, and 15 kD proteins, with 
subsequent appearance (within 10-30 min) of 26 kD, and 18 kD NTP species 
occurred. Thus some NTP molecules can be derived rather than synthesized 
de novo. 

g, JnsuUn modulation of NTP expression 

Insulin is an important mediator of growth and differentiation in CNS 
neurons. Insulin stimulated differentiation of PNET2 cells was associated with 
rapid (within 10 minutes) but transient increases m the levels of the 39 kD, 
18 kD and 15 kD NTP species, followed by sustained increases in synthesis 
and steady state levels of all five NTP species. In contrast, the failure of 
insulin to induce differentiation of PNETl cells was associated with absent 
insulin modulation of NTP. Analysis of the signal transduction pathways 
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demonstiated that the insulin-induced up-iegulation of NTP molecules in 
FNETI cells was mediated through phosphoiylation of the insulin receptor 
substrate-1 (IRS-1) and the insulin receptor subunit (IR^s) itself. In PNETl 
cells, the lack of insulin responsiveness was associated with impaired 
insulin-mediated tyrosyl phosphorylation of IRS-1, butnonnal insulin receptor 
phosphorylation. Correspondingly, die insulin-stimulated association between 
PI3 kinase and phosphorylated IRS-1 was also xn^aited in PNETl cells. In 
essence, impaired insulin-mediated tyrosyl phosphozylation of IRS-1 in PNETl 
cells halted activation of the insulin signal transduction cascade, and 
subsequent events leading to modulated gene (NTP) expression. PNETl cells 
lacked insulin responsiveness and failed to phosphoiylate IRS-1, but insulin 
receptor levels and tyrosyl phosphorylation (PY) of the i3-subunit were intact. 
PNET2 cells responded to insulin stimulation with phosphorylation of IRS-1. 
up-regulation of NTP, and neuronal differentiation. The results were 
confirmed by absent association between PI3 kinase and IRS-l-PY in PNETl 
cells after insulin stimulation. 

h. Phorbol esther myristate (PMA) and retinoic acid (RA) modulate NTP 
expression and neuronal differentiation 

PMA and RA induced PNETZ and SH-Sy5y cells to differentiate into 
neurofilament-positive, GAP-43-positive, vimentin-ncgative cells with fine 
interconnecting neuritic processes. Following PMA stimulation, tiicre was 
immediate phosphorylation of tiie 15 kD NTP species, with a supershift in 
molecular mass to 18 kD. After 12 hours of PMA or RA stimulation, 
syntixesis of the 21 kD and 26 kD NTP species increased four- to five-fold, 
followed by intracellular accumulation of these same molecules. At die same 
time, housekeeping gene expression, e.g. GAPDH, was not affected. PMA 
and RA treatment also resulted in a shift from the pcrikarya to neuritic process 
localization of NTP immunoreactivity. Since the effects of PMA stimulation 
were mimicked by phosphatidylserine plus diolein treatment, and blocked by 
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inhibitors of protein idnase C, expression of the 21 kD and 26 kD NTP 
species can be modulated through the protem kinase C cascade. 

L In vitro stimulation studies 

Neuritic sprouting and neuronal differentiation were induced in PNET2 
and SH-Sy5y cells by insulin, PMA. or RA stimulation. Insulin-mediated 
neuritic growth was associated with increased expression of the fetal brain and 
PNET-dommant forms of NTP (15 kD and 18 kD). In contrast, the PMA- 
and RA-induced neuritic sprouting modulated expression of the 21 kD and 26 
kD NTP species, which are primarily expressed in the mature bram, and 
accumulated in AD brains. Thus, expression of the immature or fetal forms 
of NTP are regulated by mechanisms and growth factors distinct from those 
involved in modulating expression of the 21 kD and 26 kD NTP molecules. 
Therefore, expression of fetal NTP molecules/genes can be mediated through 
the IRS-1 cascade, whereas expression of adult brain/AD-associated NTP 
genes can be regulated mainly through protein kinase C pathways. 

Example 15 

ADTc'NTP gene expression in postmortem brain tissue from a large 
number of patients with AD, other neurodegenerative diseases, e,g, 
Parkinson's Disease, and no neurological disease (aged controls) 

a. Source of tissue 

Matched snap-frozen, and adjacent formalin-fixed paraffin-embedded 
blocks of cerebral tissue from different brain regions (Table 2) is used to 
analyze AD7c-NTP gene expression. All specimens are obtained from the 
Alzheimer's Disease Research Center (ADRC) Brain Bank located at the 
Massachusetts General Hospital (MGH). Additional fresh tissue is continually 
harvested by the ADRC Bram Bank. The histopathological sections are 
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teviewed for all cases. Routtne neuropatbological evaluation includes luxol 
fast blue-hematoxylin and eosin, Bielchowsl^ silver* and Congo red staining, 
and ubiquitin and neurofilament inununostaining to detect neurodegenerative 
lesions in parafOn-embedded sections. 

Tabix 2: Postmortem Samples for AD7c-NTP Gene Expression Studies 



10 



Diagnosis 



Total Number of Cases 
Frozen Tissue* Paraffin Blocks** Ventricular Fluid 



AD 


50 


50 


50 


PD 


10 


10 


5 


DLBD 


8 


10 


0 


Pick's 


4 


8 


2 


ALS 


0 


4 


0 


Down + AD 


7 


8 


4 


Aged control 


50 


50 


50 



15 



Frozen Tissue Ventricular Fluid 



RNAse Protection or RT/PCR 
Western blot analysis 
M-IRMA 



Paraflin Tissue Section Studies 

In situ hybridization 
Immunohistochemistiy 



20 



Biodmann Areas: 21, U, 40, 17; an^fdgala; iradbrain, striattmi, 
cerebellar cortex, s. cord. 

Brodmann Areas: 21. 11. 24. 40. 17; amygdala, hippocampus, 
midbrain, cerebellum, s. cord. 



Tissue Processing 



25 



Frozen tissue blocks (approximately 2 x 2 x 0.5 cm) are divided for 
RNA and protein extraction. RNA is extracted by the Chomczynski-Sacchi 
ne-slep guanidinium isothiocyanate/phenol method (Chomczynski & Sacchi. 
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Anal, Biochm. 762:156*159 (1987)) using a commercially available reagents, 
e.g. RNAzol or TRIzol. The integrity of RNA is assessed by Northern blot 
analysis using glyceraldehyde-3-phosphate dehydrogenase (GAPDH) cDNA, 
and 18s synthetic 30mer (Enodi, T. et al, Mol Cell. Biol 6:801810 (1986)) 
prrobes. Completely degraded samples are not used. Protein assays are 
performed with tissue homogenates prepared in 5 volumes of PBS phis 
protease inhibitors (Sasaki. Y. et al., J, Biol ChenL 265:3805-3808 (1993)). 
The supernatant fractions obtained by centrifugation at 12,000 x g for 30 
minutes at 4*'C, and pelleted proteins solubilized in 1 % SDS-containing buffer 
are used for Western blot analysis and M-IRMA. Previous smdies 
demonsn:ated that a substantial portion of thread proteins can be contained in 
the pellet fiactions due to reduced solubility, particularly in AD brains. 
Protein content is determined by the Lowry (Lowiy, O.H. era/.. /, Biol 
Ckem, 793:265-275 (1951)) orBioRadcolorimetric assay. Paraffin-embedded 
histological sections of tissue adjacent to the blocks processed for the 
quantitative RNA and protein studies, are used for immunohistochemistry aiid 
in situ hybridization smdies. 

c. Western blot analysis 

Western blot analysis is employed to determme the size and relative 
abundance of the AD7c-NTP proteuis present in brain homogenates. 
Polyclonal AD7c-NTP antibodies is utilized in these studies in order to 
simultaneously detect all NTP species. Both supernatant (soluble) and pellet 
(insoluble) fractions are analyzed. 100 (ig samples of protein is fractionated 
m Laemmli SDS-PAGE gels, transferred to Imobilon (nylon) or ECL Hybond 
membranes, and probed for AD7c-NTP expression usiiig rabbit polyclonal 
antibodies generated to the recombinant fusion protein (Hariow & Lane, 
Antibodies. A Laboratory Manual, Cold Spring Harbor Laboratory (1988) 
Cold Spring Harbor. NY). Antibody binding is delected with horseradish 
peroxidase conjugated goat anti-rabbit IgG, and enhanced chemiluminescence 
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reagents (Amersham). Pit-stained molecular weight standards is included on 
each gel. In addition. Western blots generated with different amounts 
(between 0.1 figaaid 10 ^g) of purified recombinant AD7c-NTP protein in 
each lane, is probed simultaneously to provide a basis for normalizing data 
among different experiments. The autoradiograms are subjected to volume 
densitometric scanning to quantitate the steady-state levels of AD7c-NTP 
protein expressed. 

d. Immunohistochemical Staining 

Paraffm sections (Table 2) are de-waxed in xylenes and re-hydrated 
through graded alcohol solutions. AD7c-NTP inmiunoreactivity is assessed 
using rabbit polyclonal antibodies generated to the recombinant fusion protein. 
Antibody binding is detected by the avidin-biotin horseradish peroxidase 
complex (ABC) method using the Vectastain-Elite kit according to the 
manufacmrer*s protocol. Inununoreactivity is revealed withdiaminobenzidine. 
The sections are counterstained with hematoxylin, dehydrated through graded 
alcohols, cleared in xylenes, and preserved under coverglass with permount. 
The sections are processed in large groups, adhering rigidly to the incubation 
conditions. The results are analyzed under code to determine the presence and 
distribution of AD7c-NTP immunorcactivity. 

e. In situ hybridiziaHon 

Cellular localization of AD7c-NTP gene expression is assessed by in 
situ hybridization using paraffm-embedded tissue (Table 2). The sections are 
prepared and prehybridized. Antisense and sense (i^gative control) 
digoxigenin-UTP labeled cRNA probes are generated from AD7c-NTP 
plasmid linearized with Kpnl or Xhol, using T7 or SP6 DNA-dependem RNA 
polymerase, respectively. The probes arc gel purified to remove free 
nucleotides. The sections are hybridized overnight at SO^'C with 200 ng/ml 
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of probe (Lee. M.-E. etal., J. Clin, Invest, 56:141-147 (1990). After 
extensive washing and RNAse A digestion to destroy single-stranded RNA, 
hybridized probes are detected with alkaline phosphatase conjugated 
anti-dlgoxigenin, and the antibody binding are revealed with a suitable 
chiomogen, e.g. BCEP/NBT, Sections counteistained with hematoxylin and 
preserved with aqueous mounting medium are examined and photographed by 
brightfield and darkfleld microscopy. Adjacent sections are evaluated for 
intactness of KNA by performing in situ hybridization with cRNA probes 
conesponding to GAPDH. 

/. RNAse Profection Assay 

RNAse protection assays are used to examine levels of AD7c-NTP 
mRNA ej^ression because, compared with Northern blot analysis, this 
technique is relatively insensitive to the small degrees of RNA degradation 
which frequently exist in postmortem tissue. Samples of 5 or 10 Mg of total 
RNA are hybridized with gel purified antisense P^P]UTP-labeled cRNA 
probes (Current Protocols in Molecular Biology. Ausubel et al. Eds., John 
Wiley & Sons, New York, 1994) conespondmg to nucleotides 670 to 910 of 
the AD7C-NTP cDNA. As a positive control, the same samples are 
simultaneous hybridized (in the same assay mbes) with identically labeled 316 
bp antisense cRNA probes correspondu^ to exons S-8 of the GAPDH gene 
(Sabath, D. etal. Gene PJ: 185-191 (1990)). After hybridization, 
single-stranded RNA are digested with RNAse A and RNAse Tl (C^irrent 
Protocols in Molecular Biology, Ausubel et al, Eds., John Wiley & Sons, 
New York, 1994, and the protected probe fragments analyzed on denaturing 
polyactylamide gels. tRNA and human mfant brain RNA are used as negative 
and positive controls, respectively. Non-saturated autoradiograms are 
subjected to volume densitomctric analysis to quantitate the hybridization 
signals. 



wo 96/15272 



PCT/US95/171H 



- 102- 

g. Alternative method for examining levels of AD7c-NTP mRNA 
Expression 

Reverse transcription/polymerase chain reaction amplification of RNA 
has been successfully used to study gene expression. The advantage of 
RT/PCR over RNAse protection is that multiple genes can be smdied 
simultaneously, utilizing only 1 pig of total RNA as starting materiaL Low 
yields of RNA have been problematic in the past, particularly with respect to 
AD brain tissue. RNAse protection assays are performed on samples with 
abundant RNA yields, and RT/PCR are perfonned with all samples. 
Messenger RNA are reverse transcribed using oligo-dT and random 
oligonucleotide primers. The cDNAs are amplified with primers that flank the 
sequences contained between nucleotides 670 and 910 of AD7c-NTP. The 
results are analyzed using 1-3% Nusieve agarose gels and ethidium bromide 
staining. In addition, to confirm the authenticity of PGR products. Southern 
blot analysis is performed using either pPJdATP or [fluoresceinJdATP 
end-labeled oligonucleotide probes corresponding to internal sequences of the 
amplified DNA segment. The minimum number of PGR cycles required to 
detect AD7C-NTP is determined to ensure the amplified products do not reach 
saturation. 

Il Construction of a two- or three-sUe monoclonal antibody based 
immunoradiometric assay (M-IRMA) to measure AD7c-NTP 
concentration 

Two- or three-site forward sandwich M-IRMAs are used to measure 
AD7C-NTP concentrations. An assay using the #5 and #2 antibodies which 
specifically recognize NTP (not PTP) exhibits greater degrees of binding to 
AD compared with aged control brains by immunohistochemical staining. The 
configuration of the prototype two-site M-IRMA is as follows: the #2 MoAb 
serves as the capmre antibody bound to a solid-phase support (0.25" 
polystyrene beads). After incubating the coated beads with brain tissue 
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bomogenates or CSF, the captured AD7c-NTP proteins are detected with 
"*I-labeled #5 MoAb» which serves as a tracer. The radioactivity remainii^ 
on the beads after extensive washing is measured in a ganuna counter. The 
signal-to-noise ratios are calculated, and the concentrations of AD7c-NTP in 
the sanq)les, determined from a linear standard curve constriicted with 
different amounts of recombinant AD7c-NTP protein. Immunoreactivity is 
measured in 200 fi\ volumes of diluted tissue extract. CSF, or scrum. The 
lower limit of sensitivity is between 1 and 10 pg per ml of purified 
recombinant AD7c-NTP protein. 

Brain protein extracts corresponding to the supernatant (soluble) and 
pellet (insoluble) fractions, and samples of postmortem ventricular fluid arc 
assayed in quadruplicate at 1:10, 1:50, and 1:100 dilutions to generate S:N 
ratios within the linear range of the standard curve. The AD7c-NTP protein 
concentrations are measured in brain tissue by M-IRMA, using the forward 
sandwich assay described. Other configurations with one- or two-site MoAb 
capture are also used. 

L Characterizffdon of additional anti'AD7C'NTP MoAbs 

The M-IRMA is optimized in terms of sensitivity and specificity for 
detecting NTP molecules that accumulate in AD brain tissue. The hybridomas 
are screened by evaluatii^ the extent of immunoreactive binding in solid phase 
support immunoassays, Western blot analysis, immunohistochemical staining, 
as described above with the first 25 AD7c-NTF MoAbs. For the solid phase 
support immunoassay, 50 ng of recombinant AD7c-NTP protein are bound to 
polypropylene surfaces in 96-weli plates. Hybridoma supernatant are reacted, 
and antibody bindirig detected using *"I-labeled goat anti-mouse IgG. 
Specificity for AD7c-NTP is assessed by demonstrating absent binding to 
purified FTP, and significant binding above background levels generated with 
nonrelevant hybridoma supernatant. Indirect Western blot analysis are 
performed using recombinant AD7c-NTP protein and human AD brain 
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homogenates, and immunoxeactivity is detected with £CL reagents. Westem 
blot analysis pennits rapid comparison of the relative sizes of the recombinant 
protein with the AD7c-NTP-related molecules expressed in brain. 
Immunohistochemical staining of Brodmann Area 11 in the frontal lobe using 
neet hybndoma supernatant is perfonned to demonstrate the distributions and 
relative levels of AD7c-NTP MoAb immunoreactivity in corresponding 
sections of AD and control brains. Immunohistochemical screening permits 
the identification of AD7c-NTP MoAbs with specific immunoreactivity in 
neurons, and greater degrees of binding in AD compared with aged control 
brains. 

Example 16 

Use of M'lRMA to compare the levels of ADJc-NTP protein in AD, aged 
control, and neurological disease control samples of postmortem 
ventricular fluid and antemortem CSF 

fl. Source of specimens 

Postmortem ventricular fluid samples from patients with AD, PD. 
Down syndrome, and normal aging have been obtained from the ADRC-MGH 
brain bank (Table 2). Approximately 400 clinical cerebro^inal fluid (CSF) 
samples (Table 3) from patients with AD. PD, multiple sclerosis, 
non-dementing psychiatric disease (controls), mmor neurological aihnents, e.g. 
back pain (controls), or multi-infarct dementia have also been banked. These 
samples represent discarded clinical material from previously approved 
smdies. or samples obtained for diagnostic purposes. The AD and PD 
samples were obtained from patients enrolled in the ADRC, and therefore 
long-term clinical follow-up, including autopsy in many instances, is available. 
The psychiatric case samples were obtained from patients hospitalized at the 
Bedford VA Hospital. These samples also represent discarded specimens 
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&om previously approved clinical studies, and long-tenn clinical follow-up 
data has already been obtained and incorporated into a computerized database. 

Table 3: Clinical CSF Samples for M-IKMA 
Diagnosis No, of Cases Dementia 



AD 154 Yes 

PD 56 Yes 

Multiple Sclerosis 75 No 

MuUi-infarct dementia 5 Yes 

Psychiatric 28 No 

Comrol 94 No 



b, M-IRMA Assay to measure ADJc-NTP in ventricular fluid and CSF 
samples 

The samples are diluted 1:10, 1:50» and 1:100 in PBS/BSA, and 
assayed in quadruplicate for AD7c-NTP as described above. Samples yielding 
results with signalrnoise (S:N) ratios that do not fall within the linear range 
of the standard curve generated with purified recombinant AD7c-NTP protein 
are re*assayed at higher or lower dilutions as required. Results are expressed 
with respect to vohune and protein concentration. 

c. Anafysis of the size of ADJc-NTP present in ventricular fluid and 
CSF 

The molecular size of the AD7c-NTP molecules present in CSF or 
ventricular fluid is determined by Western blot analysis. These smdies 
determine whether the levels f the 21 kD or another NT? species are 
increased m AD compared with aged control CSF and ventricular fluid 
specimens. Samples containing 100 /xg of protein are fractionated in Laemmli 
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SDS-PAGE gels with molecular weight standards. For companson with 
results obtained using polyclonal antibodies, the Western blots are re-probed 
with the tracer (detection) AD7c-NTP MoAb used in the M-IRMA. 
Additional planned efforts to generate MoAbs that bind to specific and unique 
5 NTP molecules will abrogate the need to perform Western blot analysis, in 

order to interpret abnormally elevated levels of AD7c-NTP. Complete 
analysis of samples will be possible with a series of rapid and simple 
M-IRMAs. 

Example 17 

10 Analysis of levels ofADTc-NlT in serum of AD 

Approximately 100 AD antemortem serum samples, representing 
discarded specimens from previously approved clinical studies, are available. 
In addition, approximately 250 samples of serum from normal individuals, 
obtained from previously approved, unrelated studies are also available. 
Finally, postmortem serum from patients with confirmed AD has been banked 
by the ADRC-MGH, and is available. Studies are conducted to determine 
whether AD7c-NTP molecules are detectable in serum by Western blot 
analysis. Although some of MoAbs generated to recombinant AD7c-NTP 
cross-react with FTP, which is abundantly present in serum, the antibodies 
selected for M-IRMA exhibit no detectable binding to purified FTP at 
concentrations as high as 1 mg/ml. The objective is to determine whether 
AD7C-NTP can be measured in seium samples, and whether elevated levels 
of AD7C-NTF detected in postmortem ventricular fluid, brain tissue, or CSF 
are detectable in paired serum samples from the same individuals. Another 
objective is to determine whether the levels of AD7c-NTP are elevated in sera 
from probable and definite AD patients for whom CSF samples are not 
available. Sera diluted 1:10, 1:50, 1:100, and 1:250 in PBS/BSA are assayed 
for AD7C-NTP by M-IRMA. 
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Example 18 

Additional AD and fetal brain 
NTPcDNAs 

Data suggest that the NIP molecules expressed in such non-AD related 
diseases, arc 15 kD or 17 kD, rather tiian 21 kD in size. A family of NTP 
cDNAs was isolated from AD brain, and 17 week human fetal brain (FB) 
libraries. Analysis of the nucleic acid sequences indicates clear regions of 
extreme homology or identity, as well as unique domains in each clone. 

Both strands of each clooe are sequenced by the dideoxynucleotide 
chain termination method using T7 polymerase and custom oligonucleotide 
primers, with incorporation of deazo-G analogue nucleotides to help 
circumvent compression artifacts. The nucleic acid and amino acid sequences 
are compared with the AD7c-NTP cDNA, and with the published sequences 
of non-neural thread proteins (FTP and HIP). 

mRNA expression of the different NTP cDNAs is examined using 
RT/PCR technology with primers designed to amplify 200 to 500 bp unique 
sequences contained within each cDNA. cDNA fragments amplified from 
plasmid tciiq)lates are directionally subcloned into pGEM vectors to generate 
digoxigemn-labeledcRNA probes ft)r in situ hybridization sttidies. To quickly 
assess potential function, RT/PCR and in situ hybridizations are conducted on 
a battery of test samples (Table 4). NTP gene expression is quantitated by 
Southern blot analysis of PGR products, relative to the levels* of 
simultaneously amplifred GAPDH. 
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TABLE 4: Samples for Snrveying Expression of Different NTP Genes 



Mature Brain 


Developing Bndn 


PNET2 and SHSySy ceOs 


1. AD (N=4) 


1. 2nd trimester fetus 


i. overnight serum starved 


(N«2) 




2. nonnal tglog (NM) 


2. 3rd trimester fetus 


2. proliferating 




(N=2) 




3. Acute stroke + intact 


3. infant (N=2) 


3. rettnoic acid-induced 


tissue (N»3) 




differential 


4. Remote stroke + intact 


4. 5 year old {N=2) 


4. vehicle-treated negative 


tissue (N=2) 




control 




5. 16 year old (N=l) 





Methods to Examine NTP Gene Expression: 



10 RNA SttidUs 

In situ hybridization 
RT-PCR or RNAse Protection 

Protein Methods 

Immunocytochemistiy 
15 Western Blot analysis 

Metabolic Labeling/Immunoprecipitation (cell culture studies only) 



The PGR amplified cDNA fragments are subcloned into pTrc-His 
vectors (InVitrogen) to generate recombinant proteins for immunization and 
analysis of immuioieactivity . The recombinant proteins are purified by metal 
chelate affinity chromatography. The purified and concentrated (Centricon 
filter) recombinant fusion proteins are used to generate monoclonal and 
polyclonal antibodies for examiniiig protein expression in brain and PNET cell 
lines. 

DNA sequence analysis suggests a need to generate polyclonal and 
MoAbs to 3 or 4 distinct recombinant truncated fusion proteins to distinguish 
among the different NTP molecules expressed in brain and PNET cell lines. 
Polyclonal antibodies are generated first and used to study gene expression. 
Rabbits are immunized with purified AD-NTP or FB-NTP truncated proteins 
(described above) (Harlow & Lane, Antibodies, A Laboratory Manual, Cold 
Spring Harbor Laboratory (1988) Cold Spring Harbor, NY). Pre-inunune 
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serum, and serum obtained after the second boost are assayed for 
NTP-specific inununoreactivify by Western blot analysis and solid phase 
immunoassay mwg different amounts of recombinant protein, and with 
AD7C-NTP, as well as the other NIP truncated protems as negative controls. 
The lesultmg polyclonal antibodies are used to examine the levels and cellular 
and tissue distributions of immunoreactivity by Western blot analysis and 
immunocytochemistiy using a battery of testing materials (Table 4). 

All publications and patent applications mentioned in this specification 
are indicative of the level of skill of those in the art to which the invention 
pertains. All publications and patent applications are herein incorporated by 
reference to the same extent as if each individual publication or patent 
application was specifically and individually indicated to be incorporated by 
reference in their entirety. 
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SEQUENCE LISTING 



{1) GENERAL INFORMATION: 

U) APPLICANT: The General Hospital Corporation 

(ii) TITLE OF INVENTION: Neural Thread Protein Gene Expression and 
Detection of Alzheimer's Disease 

(iii) NUMBER OP SEQtTENCES: 121 

(iv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: Steme, Keasler, Goldstein & Fox P.L.L.C. 

(B) STREET: 1X00 New York Avenue, Suite 600 

(C) CITY: Washington 

(D) STATE: D.C. 

(E) COUNTRY: U.S.A. 

(F) ZIP: 20005-3934 

(v) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC-DOS /MS -DOS 

(D) SOFTWARE: PatentIn Release #1.0, Version #1.25 

(vi) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: (to be assigned) 

(B) FILING DATE: 14-N0V-1995 

(C) CLASSIFICATION: 

(vii) PRIORITY APPLICATION DATA: 

(A) APPLICATION NUMBER: 08/340,426 

(B) FILING DATE: 14 -NOV- 1994 

(C) CLASSIFICATION: 

(viii) ATTORNEY/AGENT INFORMATION: 

tA) NAME: Jorge A. Goldstein 

<B) REGISTRATION NUMBER: 29,021 

(C) REFERENCE/DOCKET NUMBER: 0609.3B4PC02 

(ix) TELECOMMUNICATION INFORMATION: 

(A) TELEPHONE: (202) 371-2600 

(B) TELEFAX: (202) 371-2540 



(2) INFORMATION FOR SEQ ID N0:1: 
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(1) SEQUENCE CHARACTERISTICS: 

(A) I«ENSTH: 21 base pairs 

(B) TVFE: nucleic acid 

(C) STRANDEDHESS : laotb 

(D) TOPOLOGY: l>Oth 



(xi) SEQDENCE DESCRI^ION: SEQ ID N0:1 
CCGATTCC7A CAGACCATCA T 



(2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 21 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: both 

(D) TOPOLOGY: both 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2 
CCAACAGACC ATCATTCCAC C 



(2) XKFORMATIQH FOR SEQ ID NO: 3: 

U) SEQUENCE CHARACTERISTICS: 

(A) liENGTH: 21 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNBSS: both 

(D) TOPOLOGY: both 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 
CCAAACOGAT TCCAACAGAC C 



(2) IKFQItMATION FOR SEQ ID N0:4: 

(i) SEQUENCE CHTUIACTERISTICS : 
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{A) i;engtH: 30 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : both 

(D) TOPOLOGY: both 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4 
CCTGGGCRAC AAGAGCCSAAA ACTCCATCTC 



(2) INFORMATION FOR SEQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: both 

(D) TOPOLOGY: both 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 
ATCGCTTGAA CCCGGGAGGC GGAGGTTGCG 



(2) INFORMATION FOR SEQ ID N0:6: 

(i) SEQUENCE CHARACTERISTICS; 
(A) LENGTH: 30 base pairs 
(B> TYPE; nucleic acid 
(C) STRANDEDNESS: both 
(D> TOPOLOGY: hoth 



(xi) SEQUENCE DESCRIPTION: SEQ ID N0:6: 
G6G6A6GCTG AGGCAGGAGA ATCGCTTGAA 



(2) INFORMATIOM FOR SEQ ID NO: 7: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 43 base pairs 
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(B) TTfPE: nucleic acid 

(C) STRANDEDNESS: both 

(D) TOPOLOGY: both 



(ix) FEATDRE: 

(A) NAME/KEY: miBC_feature 

(C) OTHER INFORMATION: /label- misc^feature 

/note«s "N" represents a nucleotide linkage of O-iO bases which 
links nucleotide "C" at position 21 and nucleotide "C" at position 23. 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7: 
XACTACCAGA CAACCTTAGC CNCCGATTCC AACAGACCAT CAT 43 



(2) INFORMATION FOR SEQ ID NO: 8: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 43 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: both 
<D) TOPOLOGY: both 

(ix) FEATURE: 

(A) NAME/KEY: misc_feature 

(C) OTHER INFORMATION; /lal>el» misc_feature 

/note* "N* represents a nucleotide linkage of 0-10 bases which 
links nucleotide "T" at position 21 and nucleotide "T" at position 23. 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 
CCGATTCCAA CAGACCATCA TNTACTACCA GACAACCTTA GCC 43 



(2) INFORMATION FOR SEQ ID NO: 9: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 43 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: both 
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(D) TOPOLOGY: both 

(Ix) FEATURE : 

(A) KAME/KEY: inisc_feature 

(C) OTHER INFORMATION: /label- misc^f eature 

/note« "N" represents a nucleotide linkage of o-io bases whic 
links nucleotide "C* at position 21 and nucleotide "C" at position 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9: 
CCACCTTACT ACCAGACAAC CNCCAACAGA CCATCATTCC ACC 43 

(2) INFORMATION FOR SEQ ID NO; 10: 

(i) SEQUENCE CHARACTERISTICS: 
<A) LENGTH: 43 base pairs 

(B) TYPE: nucleic, acid 

(C) STRANDEDNESS : both 

(D) TOPOLOGY: both 

(ix) FEATURE: 

(A) NAME/KEY: misc_f eature 

to OTHER INFORMATION: /labels raisc_f eature 

/notes "N" represents a nucleotide linkage of 0-10 bases whic 
links nucleotide "C* at position 21 and nucleotide "C** at position 

(xi) SEQUENCE DESCRIPTION: SEQ ID K0:10: 
CCAACAGACC ATCATTCCAC CNCCACCTTA CTACCAGACA AOC 43 
(2) INFORMATION FOR SEQ ID NO: 11: 

(1) SEQUENCE CRARAirrERISTICS: 

(A) I«EK(>TH: 43 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: both 

(D) TOPOLOGY: both 
(ix) FEATURE: 

(A) KAME/KEY: niisc_f eature 

(C) OTHER INFORMATION: /label- tnisc_f eature 
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/note- "N" represents a nucleocide lin)ca9e of 0-10 bases which 
lizilcs nucleotide "C» at position 21 and nucleotide "C" at position 23. 

(xi) SEQUEttCZ I7ESCRZPTI0M: SEQ ID M0:11: 
CCftGAOVACC TTMCCAAAC CHCCAAACOG ATTCCAACAG ACC 43 



(2) IlIFORMATION FOR SEQ ID NO: 12: 

(i) SEQUENCE CHARACTERISTICS: 
{A) LENGTH; 43 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : both 

(D) TOPOLOGY: both 

(ix) FEATURE: 

(A) NAME/KEY: misc_feature 

(C) OTHER INFORMATION: /labels misc_f eature 

/notes "N" represents a nucleotide linkage of 0-10 bases which 
links nucleotide "C" at position 21 and nucleotide "C" at position 23. 

[xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12: 
CCAAACCGAT TCCAACAGAC CNCCAGACAA CCTTAGCCAA ACC 43 

(2) INFORMATION FOR SEQ ID NO: 13: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1443 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: both 

(D) TOPOLOGY: both 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13: 
CGCT6CGCCC AG6CTGGCTC TGOAAAGCCT GTGCGGTCCT GGCAGGAAGC CCGGCCC6T6 60 
GAGCAGGTTT TCGTTCT6CT TCAGCAATAA ATAAGGGTGA CCACAGGGAC TTT6CTTTTG 120 
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GTTTCCTTTC CTGTGAAAAG GTTGGTTTTA AAGTGAGATA CACTTTTCCG TAQAACAAGT 180 

GTTCTATCTT TAAAAACCCA AATTGCAGCA CCGTGGATTA CTGGTCTCftG AACAACTCAT 240 

TGCGCATCAO ATTTGACTCT CTGATTTTCT GTCTATTGGC CAAATTGCCC TTTAACTGCA 300 

CCTtSAATCCT TTGTGTACTG ATGCCTTTGA GCTGGGCACC TTGGGAGAGT GTrGTGTTGC 360 

TGTTTACGGT TCTTCCTTCC CCTTGCTAAT TACAGTCTCT GGTGCCCAGC AAGCCCXTTT 420 

GGCTTCCTTC CGTGACTGGT CACGTTGTCT GCCTGGGCTC AGCGTGGACC TGCCCCATGC 480 

TGCACiRACCT GGCCTCACCT GGACTTTTAC TAGAATTGCC AGCTTCTCAA CTTAGCAGAT 540 

CATCACTCAT GCGGGCACAA GCAAAGATCA ACACTTTCTT TTTTGGTAAG CTTGAGTTTT 600 

AGAAGTTAOT TTTTGGTGAT GCGTAAGACA TTGCAGTGGG AAACCATTCA ACTTGAGTTT 660 

ATTCGAGTTT GCT6TTGTAG CAGGTTTTAA CTCAGGAACA ACTCTTGTCT GATCTCTCGC 720 

CCCTCTGCCG GGACTACATT ACTGTCTCTC GGAGCCGGTA GCGTTGCTGT CGAGTCCCAG 780 

6ACTATCTCT GCAGACTGCT ATGCTCAGAT CGAAGTATTT CACAAGAATA CTTGTGTTTT 84 0 

TAACAGCCCT TCCCCTGGAC GGTGCGCCAT GAGGGCCTCA TGTTACGCAT TGCCTTTTCT 900 

TTCTGTGGAT CCAGTATCTT CCTCGGCTTT TTAGGGAGCA GGAAAAATGC GTCTGAGAGC 960 

AACTCTTTTT AAAAACCT6C CCTGTTGTAT ATAACTGTGT CTGTTTCACC GTGTGACCTC 1020 

CAAGGGGGT6 GGAACTTGAT ATAAAC6TTT AAAGGGGCOl CGATTTGCCC GAGGGTTACT 1080 

CCTTTGCTCT CACCTTGTAT GGATGAGGAG ATGAAGCCAT TTCTTATCCT GTAGATGT6A 1140 

AGCACTTTCA GTTTTCAGCG ATGTTGGAAT GTAGCATCAG AAGCTCGTTC CTTCACACTC 1200 

AGTGGC6TCT GTGCTTGTCC ACATGCGCTG GOCGTCTGGA CCTTGAATGC CTGCCCTGGT 1260 

TGTGTGGACT CCTTAATGCC AATCATTTCT TCACTTCTCT GGACACCCAG GGCGCCTGTT 1320 

GACAAGTGTG GAGAAACTCC TAATTTAAAT GTCACAGACA ATGTCCTAGT GTTGACTACT 1380 
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ACAATGTTGA TGCTACACTG TTGTAATTAT TAATVCTGATT ATTTTTCTTA TGTCAAAAAA 1440 
AAA 1443 

12) niFORMATZON FOR SEQ ID K0:14: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 213 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDIJESS : both 

(D) TOPOIiOGY: both 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 14: 

GATCCCGnr GACAGGTGTA CCGCCCCAGT CAAACTCCCC ACCTGGCACT GTCCCCGGAG 60 

CGGTCGCGCC CGCGCGACCA CGGAGCTCTG GGCGCCA6AA GCGAGAGCCC CTCGCTGCCC 120 

CCCGCCTCAC CGGGTAGTGA AAAAACGATG AGAGTAGTGG TATTTCACCG GCG6CCCGCG 180 

AGGACCCCCG CCCGACCCAG TGCGGAACGG GGG 213 

(2) INFORMATION FOR SEQ ID NO: 15: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 358 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : both 

(D) TOPOLOGY: both 

(xi) SEQUENCE DESCRIPTION; SEQ ID NO: 15: 

CACCGTGGAT TACTGGTCTC AGAACAACTC ATTGCGCATC AGATTTACTC TCTGANTTTC 60 

TGTC TA TTGG CCATTGCCCT TTAACTGCAC CTGAATCCTT TGTGTACTGA TCCTTTGAGC 120 

TGGGCACCTT GGGAGAGTGT TGTGTTGCTG TTTACGGTTC TTCCTTCCCC TTGCTAATTA 180 

CAGTCTCTGG TGCCAGCAAG CCCCTTTGGC TTCCTTCCGT QACTGGTCAC GTTGTCTGCC 240 



W09fi/15272 



PCT/US95/17111 



-118- 

TCGGCC3U3CG TGGCCCCATG CTGCAGAACC TGGCCTCAGG ACTTTTCACT AGAATTGCCC 300 
TTCCTCaACT TAGCAGATCA TTCACTCATG CGGGCACAAG CAAAGATCAA CACTTTCT 358 
(2) ZHFO31MAT20N FOR SEQ ID NO: 16: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 378 base pairs 

(B) TVPE: nucleic acid 

(C) STRANDEDNESS : both 

(D) TOPOLOGY: both 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 16: 

CATTGCAGCT CAGCATGGCT CAGACCAGCT CATACTTCAT GCTGATCTCC TGCCTGATGT 60 

TTCTGTCTCA GAGCCAAGGC CAAGAGGCCC AGACAGAGTT GCCCCAGGCC CGGATCAGCT 120 

GCCCAGAAGG CACCAATGCC TATCGCTCCT ACTGCTACTA CTTTAATGAA GACCGTGAGA 180 

CCTGGGTTGA TGCAGATCTC TATTGCCAGA ACATGAATTC GGGCAACCTG GTGTCTGTGC 240 

TNCCCAGGCC GAGGGTGCCT TTGTGGCCTC ACTGATTAAG GAGAGTGGCA CTGATGACTT 300 

CAATGTCTGG ATT6GCCTCC ATGACCCCAA AAAGAACCGC CGCTGGCACT GGAGCAGT6G 360 

GTCCCTGGTC TCCTACAA 378 

(2) INFORMATION FOR SBQ ID HO: 17: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 142 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS; both 

(D) TOPOLOGY: both 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 17: 
TTTTCCTAGA ACAAGGGTTC TATCTTTAAA AACCCAAATT GCAGCACCGC TGGTCTCAGA 60 
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AC3UlCTC3irT GCGCATCAGA TTTACTCTCT GATTTTTCTG TCTATTTGGC CAAATTGCCC 



120 



TTTTAACTGC ACCTCSAATCT TT 



142 



(2) INFORMATION FOR SBQ ID NO: 18: 



(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 151 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDHESS : both 

(D) TOPOLOGY: both 



Cxi) SEQUENCE DESCRIPTION: SEQ ID NO: 18: 

TTCTCCTATA GAGATTGTTG ATTTGCCTCT TAGCAAGAGA TTCATTGCAG CTCAGCATGG 60 

CTCAGACCAG CTCATACTTC ATGCTGATCT CCTGCCTGAT GTTTCTGTCT CAGAGCCAAG 120 

GTAAGATCTC TTTTCCACCA ACCAACTCTT T 151 

(2) INFORMTITION FOR SEQ ID NO: 19; 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 75 base pairs 

(B) TYPE: nucleic acid 

(C) STRAMDEDNESS : both 

(D) TOPOLOGY: both 



{Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 19: 
CACCGTGGAT TACTGGTCTC AGAACAACTC ATTGCGCATC AGATTTACTC TCTGATTTTT 60 
CTQTCTftTTG GCCAA 75 



(2) INFDRKATION FOR SEQ ID N0:30: 



(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 77 base pairs 
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(B) 
(C) 



TYPE: nucleic acid 
STRANDEDNESS: both 
TOPOLOGY: both 



(xi) SEOOEKCE DESCRIPTIOK: SEQ IB KO:20: 



CATTGCAGCT CAGCATGGCT CAGACCAGCT CATACTTCAT GCTGATCTCC TGCCTGATGT 



60 



TTCTGTCTCA 6AGCCAA 



77 



. (2) INFORMATION FOR SEQ ID NO: 21: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 130 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : both 

(D) TOPOLOGY: both 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 21: 

GAATTCCTGG GCTCAAGTGA TCCTCTCATG CAGTCTCCCA AAGTGCTGGG ATGACAGGCT 60 

TGAGCCACCA CACCAGGCCC ATCATCAGTT TATATAAA6A AAAAAAAACC TTAAAATTGT 120 

7AGGCAAATA 130 



(2} INFORMATION FOR SEQ ID NO: 22: 

(i) SEQUENCE CHARACTERISTICS: 

(A) X«BNGTH: 144 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: both 

(D) TOPOLOGY.: both 



(xi) SEQUBNCE DESCRIPTION: SEQ ID NO: 22: 



GGA6TTTT6T CATCAGGCCA GCCTCATCCC GAGGTCTdCT CCACCATTGG CCGTAGCCAG 



60 
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CAGGTTCAGT GCTCACCGAA AGTAAAATCC CCTCCTTCAG CAAGAATRAA GCAATATACA 120 
CCTTAGGfTTC CACTAAGTAA CATA 144 



(2) INFORKATIGN FOR SEQ ID NO: 23: 

(i) SEQfDENCE CHARACTERISTICS: 

(A) LENGTH: 96 base pairs 

(B) TyPE: nucleic acid 

(C) STRANDEDNESS: both 

(D) TOPOLOGY: i>Oth 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:23: 
GTTCTGTGAG TCTCAATTTG TTCCTTCTTG 6AAGCTGTCT GGTGAATCTG TTGGTCCCTC 60 
TGTCTGCTAT TCTGTCTGTC TGTATGTCTG TCCATG 96 



(2) INFORMATION FOR SEQ ID NO: 24: 

(i> SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 105 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: both 

(D) TOPOLOGY: both 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 24: 
GTTSttTTTGC CTCTTAAOCA AGAGATTCAT TGCASCTCAG CATGGCTCAG ACCAGCTCAT €0 
ACTTCATGCT GATCTCCTGC CTGATGTTTC TGTCTCAGAG CCAAG 105 



(2) INFORMATION FOR SEQ ID NO: 25: 

(i) SEQUENCE CHARACTERISTICS; 

(A) LENGTH: 215 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: both 
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(D) TOPOLOOT: botb 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 25: 



ACTACCRAAC CTGCATTAAA ARATTTCGGT TGGTCGACCT CGGAGCAGAA CCCAACCTCC 



60 



GAGCAGTACA TGCTAAGACT TCACCAGTCA AAGCGAACGT ACTATACTCA ATTGATCCAA 



120 



TAACTTGACC AACGGAACAA GTTACCCTAT AACAGCGCAA TCCTATTCTA GAGTCCATAT 



180 



CAACAGGGTT TACGACCTCG ATGTTGGATC AGGAC 



215 



(2) INFORMATION FOR SEQ ID NO: 26: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 232 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : both 

(D) TOPOLOGY: both 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 26: 

ACCACGGAGC TCTGG6CGCC AGAAGCGAGA GCCCCTCGCT GCCCCCCGCC TCACCGGGTA 60 

GTGAAAAAAC GATCAGAGTA GTGGTATTTC ACCGGCGGCC CGCGAGGACC CCCGCCCGAC 120 

CCAGTGCGGA ACGGGGGAGT AGTCCCGGGG GCTCACTTAT TCTACATTAG TCTCACGT6C 180 

AGACTA(5AGT CAAGCTCAAC AGGGTCTTCT TTCCCGCTGA TTCCGCCAAG TC 232 



(2) INFORMATION? FOR SEQ ID NO: 27: 

(i) SEQUENCE caARACTERISTICS : 

(A) LENGTH: 112 base pairs 

(B) TYPE; nucleic acid 

(C) STRANDEDNESS: both 

(D) TOPOLOGY: both 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 27: 
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AGTTTCACTC TGTTGCXXM GCTGGAGTGC AATGGCACAA TCCTGGCTCA CTGCAACCTC 60 
OGCCTCCCGA GCTCAAGCAA TTCTCCTGCC TCAGCCTCGT GAGCCGCTGO GA 112 

(2) INFORMATION FOR SEQ ID KOs28: 

(1) SEO'DENCB CHARACTERISTICS: 

(A) LENGTH: 120 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : both 

(D) TOPOLOGY: both 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:2B: 
AGATCTCGCT CTGTCACCCA GGCTGAAGTG CAGTGGCCCA ATCTCGGCTC ACTGCGAGCT 60 
CCACCTCCCG GGTTCACTTC ATTCTCCTGC CTCACTGCCT CAGCCTCTGA GTAGCTGGGA 120 

(2) INFORMATION FOR SEQ ID NO:29: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 594 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS; both 

(D) TOPOLOGY: both 

<xi) SEQUENCE DESCRIPTION: SEQ ID NO: 29: 

GAGGOGTATT ATACCATOCT CCATCTQCCT AOQACAAACA GACCTAAAAT CGCTCATTGC 60 

AIACTCTTCA ATCAOCCACA TAGCCCTCGT AGTAACAGCC ATTCTCATCC AAACCCCCTO 120 

AA6CTTCACC GGOGCAGTCA TTCTCATAAT CGOCCAOGGG CTTACATCCT CATTACTATT 180 

CT6CCTAGCA AACTCAAACT A06AACGCAC TCACA6TCGC ATCATAATCC TCTCTCAAGG 240 

ACTTCAAACT CTACTCCCAC TAATAGCTTT TTGATGACTT CTAGCAAGCC TCGCTAACCT 300 

CGCCTTACCC CCCACXATTA ACCTACTGGG AGAACTCTCT GT6CTAGTAA CCACGTTCTC 360 
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CTGATCAAAT ATCACTCTCC TACTTACAGG ACTCAACATA CTAGTCACAG CCCTATACTC 420 

CCTCTACATA TTTACCACAA CACAATGOGO CTCACTCACC CACCACATTA ACSUICATAAA 480 

ACCCTCATTC ACACGAGAAA ACACCCTCAT GTTCATACAC CTATCCOCCA TTCTCCTCCT 54 o 

ATCCCTCAAC CCCGACATCA TTACCGGGTT TTCCTCTTAA AAAAAAAAAA AAAA 594 

(2) INFORMATION FOR SEQ ID NO: 30: 

(i) SEODENCE CHARACTERISTICS: 

(A) LENGTH: 98 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 30: 

Glu Ala Tyr Tyr Thr Met Leu His Leu Pro Thr Tlir Asn Arg Pro Lys 
15 10 15 

lie Ala His Cys lie Leu Phe Asn Gin Pro His Ser Pro Arg Ser Asn 
20 25 30 

Ser His Ser His Pro Asn Pro Leu Lys Leu His Arg Arg Ser His Ser 
35 40 45 

His Asn Arg Pro Arg Ala Tyr He Leu He Thr He Leu Pro Ser Lys 
50 55 60 



Leu Lys Leu Arg Thr His Ser Gin Ser His His Asn Pro Leu Ser Arg 
fiS 70 75 80 



Thr Ser Asn Ser Thr Pro Thr Asn Ser Phe Leu Met Thr Ser Ser Lys 
85 90 95 

Pro Arg 
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(2} JUFGBMKncaSi FOR SEO ID MO: 31: 

(1) SEQUENCE CHARACTERISTICS; 

(A) LENGTti: 554 base pairs 

(B) TYPE; xxucleic acid 

(C) STRANDEDNE5S : both 

(D) TOPOLOGY: both 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 31: 

ATACCATGCT CCATCTGCCT ACGACAAACA GACCTAAAAT CGCTCATTGC ATACTCTTCA 60 

ATCAGCACAT AGCCCTCGTA GTAACAGCCA TTCTCATCCA AACCCCCTGA AGCTTCACCG 120 

GCGCAGTCAT TCTCATAATC GCCCACGGGC TTACATCCTC ATTACTATTC TGCCANCAAA 180 

CTCAAACTAC GAACGCACTC ACAGTCGCAT CATAATCTCT CTCAAGGACT TCAAACTCTA 240 

CTCCCAAGCT TTGTGACTTC TAGCAACCTC 6CTAACCTCG CCTTACCCCC ACTATTAACT 300 

ACTGGGAGAA TGTGCTAGTA ACCACGTTCT CCTTCAAATA TCACTCTCCT ACTTACAGGA 360 

CTCAACATAC TAGTCCAGCC CTATACTCCC TCTACATATT TACCACAACA CAATGGGCTC 420 

ACTCACCCAC CACATTAACC ATAAAACCCT CATTCACACQ AGAAAACACC CTCATGTTCA 4 BO 

TACACCTATC CCCCATTCTT CCTATCCCTC AACCCOGACA TCAACCGGGT TTCCTCTTAA 540 

AAAAAAAAAA AAAA 554 



(2) INFORMATICS FOR SEQ ID H0:32; 

(i) SEQUENCE CHARACTERISTICS: 

{A] LENGTH; 590 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: both 

(D) TOPOLOGY: both 



(xl) SEQUENCE DESCRIPTION: SEQ ID NO: 32: 
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ATGCCTATCG CTCCTACTGC TACTACTTTA ATGAAGACCG TCSAGACCTGG GfTTGATGCAG €0 

ATCTCmTTG CCft(3AACATG AATTCGGGCA ACCTGGTGTC TGTGCTCACC CA6GCCGAGG X20 

GTGCCTTT G T GGCCTCACTG ATTAAGGAGA GTGGCACTGA TGACTTCAAT GTCTCGATTG 18 0 

GCCTCCATGA CCCCAAAAAG AACCGCOGCT GGCACTGGAG CAGTGGGTCC CTGGTCICCT 240 

ACAAGTCCTG GGGCATTGGA GCCCCAAGCA GTGTTAATCC TGGCTACTGT GTGAGCCTGA 300 

CCTCAAGCAC AGGATTCCAG AAATGGAAGG ATGTGCCTTG TGAAGACAAG TTCTCCTTTC 360 

TCTGCAAGTT CAAAAACTAG AGGCAGCTGG AAAATACATG TCTAGAACTG ATCCAGCAAT 420 

TACAACGGAG TCAAAAATTA AACCGGACCA TCTCTCCAAC TCAACTCAAC CTGGACACTC 480 

TCTTCTCTGC TGAGTTTGCC TTGTTAATCT TCAATAGTTT TACCTACCCC AGTCTTTGGA 54 0 

ACCTTAAATA ATAAAAATAA ACATGTTTCC ACTAAAAAAA AAZIAAAAAAA 590 

(2) INFORMATION FOR SEQ ID NO: 33: 

(i) SEQtJENCE CHARACTERISTICS: 

(A) LENGTH: 466 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: both 

(D) TOPOLOGY: both 

(xi> SEQDENCE DESCRIPTION: SEQ ID NO: 33: 

CTTCTTTTTC AGGCCAAGAG GCCCAGACAG AGTTGCCCCA GGCCCGGATC AGCTGCCCAG 60 

AAGGCACCAA CCTATCGCTC CTACTGCTAC TACTTTAATG AAGACCGCGA 6ACCTGGGTT 120 

GATGCA6T6T GAGTGAGGAG AGCGTGTGGG AAGGGAGACT CATGAA6GGA GGGGAAGCT6 IBO 

CCACTCTCCA 6TGTTCAGTG GCGCAATGAG ATGAGACTGA ACCCCTTTAT ACTATCATCA 240 

GCCCCAAACT TTCCAATCTA CTTTATCCCA TTATTCAGCA CATTCCCAGC ACAAAGAACC 300 

TGGTGGGTGA CAGCATCATC ACGGACATTA CTCTGCTGTC CTTTTTCACC CTCCTCTTGG 360 
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AGGACTCAGT ATATCCGTCa CAACCCTCCA CTGAGTCTCC ATTTTCTTCT 6CAACAGCTC 420 
tEATTGCCAGA ACATCAATTC GGGCAACXTTS GTGTCTGTGC TCACCC 466 

(2) ZKFOKMATION FOR SEQ ID NO: 34: 

(i) SEQUENCE CHARACTERISTICS; 

<A) LENGTH: 501 base pairs 
(B) TYPE: nucleic acid 
(C> STRANDEDNESS: both 
(D) TOPOLOGY: both 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 34: 

CGTATTTmiC CATGCTCCAT CTGCCTACGA CAAACAGACC TAAAATCGCT CATTGCATAC 60 

TCTTCAATCA GCCACATAGC CCTCGTAGTA ACAGCCATTC TCATCCAAAC CCCCTGAAGC 120 

TTNCCGGCGC AGTCATTCTC ATAATCGCCC ACGGGCTTAC ATCCTCATTA CTATTCTGCC 180 

TAGCAAACTC AAACTACGAA CGCACTCACA GTCGCATCAT AATCCTCTCT CAAGGACITC 240 

AAACTCTACT CCCACTAATA GCTTTTTGAT GACTTCTAGC AAGCCTCGCT AACCTCGCCT 300 

TACCCCCCAC TATTAACCTA CTGGGAGAAC TCTCTGTGCT AGTAACCAOG TTCTCCTGAT 360 

CAAATKTCAC TCTCCTACTT ACAGGACTCA ACATACTAGT CACAGCCCTA TACTCCCTCT 420 

ACATftTtTAC CACAACACAA TGGGGCTCAC TCACCCACCA CATTAACAAC ATAAAACCCT 480 

CATTCACAC6 AGAAAACACC C 501 

(2) UTFORMATION FOR SEQ ID MO: 35: 

(i) SEQDEHCE CHARACTERISTICS: 

(A) LENGTH: 372 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: both 

(D) TOPOLOGY: both 
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(xi) SEQUEKCB DESCRIPTION: SSQ ID NO; 35: 
GTTCTTAGTC TATCTCTTGT ACAAACGATO TGCTTTGAAG ATGTTAGTCT ATAACAATTG £0 
ATCTTTtSTTT TCTGTTTGAT TTTAAACAGA GAAAAAATAA AAGGGGGTAA TAGCTCCTTT 120 

rATcri ' C ' ri T crrmTm ' ttcatttcaa aattgctgcc agtgttttca atgtaggaca iso 

ACAGAGGGAT ATGCTGTAGA GTGTTTTTAT TGCCTAGTTX5 ACAAAGCTGC TTTTGAATGC 240 

TCGTGGITCT ATTCCTTTGC ACATCACXSAC ATTTTATAAT CATAGTTAAA TCGTATATGA 300 

CAAAAATGCT CTGATCTGAT GCCAAAGGTC AATTCAGTGT ATATAACCTG AACACACTCA 360 

TCCATTGCGT TT 372 

(2) INFORMATION FOR SEQ ID NO: 36: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 68 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 36: 

Met Phe Val Phe Cys Leu He Leu Asn Arg Glu Lys He Lys Gly Gly 
15 XO 15 

Asn Ser 5er Phe Phe Leu Leu Ser Phe Phe Phe Ser Phe Gin Asn Cys 
20 25 30 

Cys Gin Cys Phe Gin Cys Arg Thr Thr Glu Gly Tyr Ala Val Glu Cys 
35 40 45 

Phe Tyr Cys Leu Val Asp Lys Ala Ala Phe Glu Cys Trp Trp Phe Tyr 
50 55 60 

Ser Phe Asp Thr 
65 
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(3) XNFQRMATIOM FOR SEQ ID NO:37: 

(1) SEODEHCE CRARACTSRISTICS : 

in) LEHGTH: 377 base pairs 

(B) TYPE: xnicleic acid 

(C) STRANDEDS7ESS: both 
(O) TOPQLOOY; both 

Ixi) SEQUENCE DESCRIPTION: SEQ ID NO: 37: 

ACTGTCTCCC CCTTTGATAG GGACACTAAA GTGGTCTGTA CTTGGGTAGA GGATGGCANG 60 

TIAAGAATTA AAATCGTCTG GGTGCGGTCT GCACGCTTGT AATCCCAGCA CTTTGGGAGG 120 

CTGAGGCGG6 CGGATCACCT GAGGTCAGGA GTTCGACACC AGCCTGATGA ACATGGAGAA 180 

ACCCCATCTC TACTAAAAAT ACAAATATTA GCTGGGCGTT GTCGCGCGCC TGTAATCCCA 240 

GCGGCTCACG AGGCTGAGGC AGGAGAATTG CTTGA6CTCG GGATGGCGGA GGTTGCAGTG 300 

MCCAGGATT GTGCCATTGC ACTCCAGCCT GGGCAACAAG AGTGAAACTC TGTCTCAAAA 3«0 

AAAAAAAAAA AAAAAAA 377 

(2} INFORMATION FOR SEQ ID N0:3B: 

(i) SEQfDENCE CHARACTERISTICS: 

(A) IiENGTH: 14 80 base pairs 

(B) TYPE: xtucleic acid 

(C) STRANDEDNESS: both 

(D) TOPOIiOGy: botb 

(Xi) SEQDENCE DESCRIPTION: SEQ ID NO: 38: 

GCGIAAACAC ATTTTTGTTC TTAGTCIATC TCTTGTACAA AOGATGTGCT TTGAAGATCT 60 

7AGT6TAIAA CAATTGATGT TTGriTTCTG TTTGATTTTA AACAGAOAAA AAATAAAAGG 120 

GGGTAATAGC TCCTTTTTTC TlVn TC m ' GATTTTAAAC AGAGAAAAAA TAAAAGGOGG 180 



W05W15272 PCT/US95a7Ul 

-130- 

janTAGCTCC TTTTTTCTTC TTTCTTTTTT TTTTTTCATT TCAAAATTGC TGCCAGTGTT 240 

TTCaSTGATG GACAACW3AG GGATATGCTG TAGAGTOTTT TATTGCCTAG TTGACAAAGC 300 

TGCTTTdJUlT GCT6GTGGTT CTATTCCTTT GACACTAC6C ACTTTTATAA TACATGTTAA 360 

TGCTMAGGA CAAGATGCTC TGATTCCTGA GTGCCAGAGG TTCAATTCAG TC3TATATAAC 420 

TGAACACACT CATCCATTTG TGCTTTTGTT TTrTTTATGG TGGCTTAAAG GTAAAGAGCC 480 

CATCCTTTGC AAGTCATCCA TGTTGTTACT TAGGCATTTT ATCTTXJGCTC AAATTGTTGG 540 

AAGAATGGTG GCTTGTTTCA TGGTTTTTGT ATTTGTGTCT AATGCACGTT TTAACATGAT 600 

AGACGCAATG CATTGTGTAG CTAGTrTTCT GGAAAAGTCA ACTCTTrTAG GAATTGTTTT 660 

TCAGATCTTC AATAAATTTT TTCTITAAAT TTCAAAGAAC AATGTGCTTG TGTTGATGCC 720 

TTACAAAAAC CATTGTATAT TTGTGTATTC CTTCTTGTAT TTAGACAGTG GTTTTTCAGG 780 

TGCGTGCTTT GTTTTCTGGT ATGGCCTTTA TGGAATGAGA CGCTTTAGCT TTGGTACGTA 840 

GCGCTAATCC ATAGCAGCTT TGGCAGTTTC GTGTCTTGAG TCTTAGCTAA AAAGTTAGAA 900 

GTTTACATGA CTGTTTTTTT TATTTTCCCT AAATTATTAC TTACTCTGAG CATTAATTAA 960 

G6GCATTTTC ACCTGTGTAA AATTATGGTC AGCTTTTTTC TGTCTATAAT TGTTTACTTT 1020 

TGTGGGTTTA CTCTAGAAAC ATGA6CCAAA AATCTCAATA GACAACACAG TATTAAAATA 1080 

ACCCAAAAGT T6TAAAGGGC AACX3TTTCTC CCCTTTGATA GG6ACACTAA AGTGGTCTGT 1140 

ACtTGGGTAG AGGAT66CA6 ACGTTAAGAA TTAAAATGCG TCT6GGTGCG GTCTCACGCT 1200 

TTGTAATCCCA GCACTTTGGG AGGCTGAGGC GGGC6GATCA CCTGAGG7CA GGAGTTOGAC 1260 

ACCAGCCTGA TGAACATGGA GAAACTCCAT CTCTACTAAA AATACAAATA TTAGCTGGGC 1320 

GTTGTCX3CGC GCCTGTAATC CCAGCG6CTC ACGAGGCTGA GGCAGGAGAA TTGCTTGAGC 1380 

TCGGGATGGC GGAGGTTGCA GTGAGCCAGG ATTGTGCCAT TGCACTCCAG CCTGGGCAAC 1440 

AAGAGTGAAA CTCTGTCTCA AAAAAAAAAA AAAAAAAAAA 1480 
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(2) INPORMATION FOR SEQ ID NO: 39; 

Cir) SEQUENCE CHAHACTERISTICS: 

(A) LEMGTR: 381 base pairs 
{B) TYPE: nucleic acid 

(C) STRAHDBDNESS : both 

(D) TOPOLOGY: both 



(xi) SEQOENCE DESCRIPTION: SEQ ID NO:39: 

TTESGGTGAGG TGGAATGATG GTCTGTTGGA ATCGGTTTGG TAAATGGGTT TATTTCATAT 60 

CCGCTATCTT TAACTTTGGA CCGCGTTATC TATATCATGG CGTTCCTTTC TACTTTTTAA 120 

TATTOGTTCG XATTATATCG TTCCTGATTG GGGATATGGA AGACGTATTA CTTAATT6TA 180 

CTTTATTGAA ACGTTCCTCT CGGTTTCGAT TCTGGGGGCT TTGGTCTGCT CGATGGATTC 240 

TTGTCGATTr TCTCGTGTGG CAGTAACATA CCGTTTTATC ACCCTTCTAA ATATCCCATC 300 

TCCCGCTGTT TGGTAGGCTC GGAACACTAT CGACCAACAG GTTCTATCTA 6AATCAAGTT 360 

GGAAATTAAA CGGT6TCTT6 G 381 



(2) INFORMATION FOR SEQ ID NO: 40: 

(i) SEQOENCE CHARACTERISTICS: 

(A) LENGTH; 122 amino acida 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

{3dL> SEQDSNCE DESCRIPTION: SEQ ID NO: 40: 

Met Met Val Cys Trp Asn Arg Phe Qly Lys Trp Val Tyr Phe lie Ser 
15 10 15 

Ala He Phe Asn Phe Gly Pro Arg Tyr ^^u Tyr His Gly Val Pro Phe 
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Tyr Phe Leu He Leu Val Arg He He Ser Phe Leu He Gly Asp Met 
35 40 45 

Glu Asp Val Leu Leu Asn Cys Thr Leu Leu Lys Arg Ser Ser Arg Phe 
• 50 55 €0 

Arg Phe Trp Gly Ala Leu Val Cys Ser Met Asp Ser Cys Arg Phe Ser 
65 70 75 80 



Arg Val Ala Val Thr Tyr Arg Phe He Thr Leu Leu Asn He Pro Ser 
85 90 95- 

Pro Ala Val Trp Met Ala Arg Asn Thr He Asp Gin Gin Val Leu Ser 
100 105 110 

Arg He Lys Leu Glu He Lys Arg Cys Leu 
lis 120 



(2) IMFORMATION FOR SEQ ID NO: 41: 

ti) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 420 base pairs 

(B) TYPE: nucleic acid 

(C) STRAHDEDNESS: both 
(D> TOPOLOGy: both 



(xi) SEQUENCE DESCRIFTION: SEQ ID NO: 41: 

CCCACACGTC CTAAACTACC AAACCTGCAT TAAAAAATTT CGGTTGGTCG ACCTCGGAGC 60 

AGAACCCAAC CTCCGAGCAG TACATGCTAA 6ACTTCACCA 6TCAAAGCGA ACGTACXATA 120 

CTCAATTGAT CCAATAACTT 6ACCAACGGA ACAAGTTACC CTAOGGATAA CAGC6CAATC IBO 

CGEATGGTGCA GCCGCXATXA AAGC5TTCGTT TGTTCAAACG ATTAAAGTCC TCGTGTCTQA 240 

CTTCRGACCG AAOTAATCCA GOTCGGXTTC TATCTTCTTC AAATTCCTCC CTGTACCGAA 300 

A6GAC1AATG AGAAAXAAGG CCTACTTCAC AAAGC6GCCT TCCCCCGTAA TGATATCATC 360 
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TCSlACTTftGT ATTATACCCR CACCCACCCA AGAACAGfGTr TGTTAAAAAA AAAAAAAAAA 420 

(2) IHFORMATIOII FOR SEQ ID HO: 42: 

(1) SEQOEtrcE CBARACTERISTICS: 

(A) LEK6TH: 3B1 base pairs 

(B) TVPE: nucleic acid 
to STSXNDECfiHESS: both 
(D) TOPOLOGY; both 

(Xi) SEQtfENCE DESCRIPTION: SEQ ID NO: 42: 

AACCCACTCC ACCTTACTAC CAGACAACCT TAGCCAAACC ATTTACCCAA ATAAAGTATA 60 

GGCGATAGAA ATTGAAACCT GGCGCAATAG ATATAGTACC GCAAGGAAAG ATGAAAAATT 120 

ATAACCAAGC ATAATATAGC AAGGACTAAC CCCTATACCT TCTGCATAAT GAATTAACAT IBO 

GAAATAACTT TGCAAGGAGA GCCAAAGCTA AGACCCCCGA AACCAGACSA GCTACCTAAG 240 

AACAGCTAAA AGAGCACACC GTCATTGTAT GGCAAAATAG TGGGAAGATT TATAGGGTAG 300 

AGGGCGACAA ACCATCCGAG CCTTGTGATA GCTGGTTGTC CAAGATAQAT CTTAGTTCAA 360 

CCTTXAATTT GCCACAGAAC C 381 

(2) I23FOSMATION FOR SEQ ID NO: 43: 

(1) SEQDHNCB CHARACTERISTICS t 

(A) LENGTH: 629 base pairs 

(B) TYPE; nucleic acid 

(C) STRAMDEDNESS: both 

(D) TOPOLOGY: both 

(xi) SEQfDENCE DBSCRIPTICN: SEQ ID N0;43: 
TTTTTTTTTT TTTTTAACAA ACCCTGTTCT TGGGTGGGTG TGGGTATAAT ACTAAGTTGA 60 
GATGATATCA TTACGGGGGA AGGCCGCTTT GTGAAGTAGG CCTTATTTCT CATTAGTCCT 120 
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TTCGGTACAG GGAGGAATTT GAAGAASATA GAAACOGACC TGGATTACTT OGGTCTGAAC 180 

TCAGACACGA GGACTTXAAT CGTTTC3AACA AACGAACCTT TAATAGCGGC TGCACCATCG 240 

6GATGTCCTG ATCC;^OlTC GAGGTC67AA. ACCCTATTGT TGATATGGAC TCTAGAATAG 300 

GATTGCGCTG TTATCCCTAG GGTAACTTGT TCCGTTGGTC AAGTTATTGO ATCAATTGAG 360 

TTTAGTAGTC CGCTTGGAGT GGTGAAGTCT A6AATGTCCT GTTCGGGGGT TGGTTTCTGC 420 

TCCCA6GTCG CCCCAACCGA ATTTTTTATT GAAGGTTGGG TAGTTTAGCA CCTGTGGGTT 480 

GGTAAGGTAC TGTTGGAATT AATAAATTAA AGCTCCATAG GGTCTCCTCG TCTTGTTGTG 540 

TAATGCCCCC CTCTCCACGG GAAGGTCAAT TCCACTGGTT AAAAGTAAGA GAAAGCTGAA fiOO 

CCCTCGGGGA GCCATCCATA CAGGTCCCC 629 

(2) INFORMATION FOR S£Q ID NO: 44: 

U) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 256 base pairs 

(B) T^TPE: nucleic acid 
<C) STRANDEDNESS : both 
(D) TOPOLOGY: both 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 44; 

GCGGGTAAAT T60TTTGTTA TTTTTTAAAA AAAACTTGCA TGTTTAAAAA AAAOTTGATT 60 

GCTTCAAATT TCTGCTACTA ACTTCAA5CT ATGGGAGTTT GGCAGTAGTC ACTTGAGGAT 120 

TTTTTTTCCA ATTCTTTTCT ' lYnXJriV ' XT AAAGCTGTAC TTCAGTGAAC A{SAAAAArCO 180 

CCAAGCAAAC TAATGGACTA TAAAGCGTAA TTTGACTQTG TGGGACTAAA CTACAGA6CC 240 

TACTTGACCA GTGGAT 256 

(2) HJFDRMATIQH for SBQ id N0:45: 
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(1) SEQOENCE CEAKACTERISTICS : 

(A) LENGTH: 270 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDHESS: both 
ID) TOPOLOGY: both 

(xi) SEODENCB DESCRIPTION: SEQ ID N0:45: 

CATGTTT3VAA AAAAAGTTGA TTGCTTCWVA TTACTGCTAC TAACTTCAAG CTATGGGAGT 60 

TTGGCAGTAG TCACTTGAGG ATTTTTTTTC CAATTCGTTT TCATTTTTGT TGTTAAAGCT 120 

CGTACTTCAG TGAGACAGAA AAATTGCCAA GCTAAACTAA TGGTCTATAA AAGCGTAATT 180 

TGCATGTGTG GGCAAAAACT ACAGAGCCTC AATTGCCACT GAGGTATAGT ACAAAGTTTT 240 

AATACATTTT GTAAATCAAA TTGAAAGAAA 270 

(2) INFORMATION FOR SEQ ID NO: 46: 

ti) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 270 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNBSS: both 

(D) TOPOLOGY: both 

(xi) SEQOENCE DESCRIPTION: SEQ ID M0:46; 

CATGTTTAAA AAAAAGTTGA TTGCTTCAAA TTACTGCTAC TAACTTCAAG CTATGGGAGT 60 

TTGGCAGTAO TCACTTGAGG ATTTTTTTTC CAATTCGTTT TCATTTTTGT TGTTAAAGCT 120 

CGTACTTCAG TGAGACAGAA AAATTGCCAA 6CTAAACTAA TGGTCTATAA AAGCGTAATT 180 

TGCATGTGTG GGCAAAAACT ACAGAGCCTC AATTGCCACT GAGGTATAGT ACAAAGTTTT 240 

AATACATTTT GTAAATCAAA TTGAAAGAAA 270 

(2) INFORMATION FOR SEQ ID NO: 47: 
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(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 184 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDHESS: both 

(D) TOPOLOGY: both 



txi) SEQUENCE DESCRIPTION: SEQ ID NO; 47: 

TCTGCCCAGG CTGGTCTGAA ATTCCTGGGC TGAAGTGATC CTCCAGTCTT GGCCTCCCAA €0 

AGTGCTGGGA TTACAGGCAT GAGCTACTGA GCCTAGCCTT AATGATTAAT TTTAGAGTGA 120 

TGGCTTGTAC CTTCAAGACA CATATAGATT GAGACAGAAA ATTTCCATCG TCCCCGAGAA 180 

AACT 184 
(2) INFORMATION FOR SEQ ID NO:40: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 75 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 



{xi} SEQUENCE DESCRIPTION: SEQ ID NO: 48: 

Ser Ser Ser Leu Gly Leu Pro Lys Cys Trp Asp Tyr Arg His Glu Leu 
15 10 15 

Leu Ser Leu Ala Leu Met He Asn Phe Arg Val Met Ala Cys Thr Phe 



20 



25 



30 



Lys 



Gin His He Glu Leu Arg 
35 



40 



Gin 



Lys He Ser He Val Pro Arg Lys 
45 



Leu 



Cys Cys Met Gly Pro Val 
50 55 



Cys 



Pro Val Lys He Ala I^eu Leu Thr 
60 



He 



Asn Gly His Cys Thr Trp 
70 



Leu 



Pro Ala Ser 



65 



75 
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{2) HZFORMATIOH FOR SBQ ID N0;49: 

(1) SBQUBNCE CHARACTERISTICS: 

(A) I«EMGTR: 1381 base pairs 

(B) TVPE: nucleic acid 

(C) STRAMDEENESS : both 

(D) TOPOLOGY: both 



(xi) 5£C}UENCE DESCRIPTION: SEQ ID NO: 49: 

TTTTTTTTTT GAGATGGA6T TTTCGCTCTT GTTGCCCAGG CTGGAGTGCA ATGGCGCAAT 60 

CTCAGCTCAC CGCAACCTCC GCCTCCCGGG TTCAAGCGAT TCTCCTGCCT CAGCCTCCCC 120 

AGTAGCTGGG ATTACAGGCA TGTGCACCAC GCTCGGCTAA TTTTGTATTT TTTTTTAGTA 180 

GAGATGGAGT TTAACTCCAT GTTGGTCAGG CTGGTCTCGA ACTCCCGACC TCAGATGATC 240 

TCCCGTCTCG GCCTGCCCAA AGTGCTGAGA TTACAG6CAT GAGCCACCAT GCCCGGCCTC 300 

TGCCTGGCTA ATTTTTGTGG TAGAAACAGG GTTTCACTGA TGTTGCCCAA GCTGGTCTCC 360 

TGAGCTCAAG CAGTCCACCT GCCTCAGCCT CCCAAAGTGC TGGGATTACA GGC6TCAGCC 420 

GTGCCTGGCC TTTTTATTTT ATTTTTTTTA AGACACAGGT GTACCACTCT TACCCAGGAT 480 

GAAGT6CAGT GGTGTGATCA CAGCTCACTG CAGCCTTCAA CTCCTGAGAT CAAGCAATCC 540 

TCCTGCCTCA GCCTCCCAAG TAGCTGGGAC CAAAGACATG CACCACTACA CCTGGTAATT 600 

TTTATTTTTA TTTTTAATTT TTTGAGACAG AGTCTCACTC TGTCACCCAG GCTGGA6TGC 660 

AGTGGCGCAA TCTTGGCTCA CTGCAACCTC TGCCTCCCGO GTTCAAGTTA TTCTCCTGCC 720 

CCftSCCTCCT GAGTAGCTGG GACTACAGGC GCCCACCACG CCTAGCTAAT TTTTTTGTAT 780 

TTTXAGTAGA GATGGGGTTT CACCATGTTC GCCAGGTTGA TCTTGATCTC TTGACCTTGT 840 

GATCTGCCTG CCTCGGCCTA CCCAAAGTGC TGGGATTACA GGTCGTGACT CCACGCCGGC 900 

CTftlTTTTAA TTTTTGTTTG TTTGAAATGG AATCTCACTC TGTTACCCAO GTCGGAGTCC 960 
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AATGGCAAAT CTCX3GCTACT OGCAACCTCT GCCTCCCGGG TCAAGCGATT CTCCXGTCTC 1020 

AGCCTCCCAA GCAGCTGGGA TTACGGGACC TGCACCACAC CCCGCTAATT rPTGTATTTT 1080 

CATTAGAGGC GGGTTTACCA TATTTGTCAG GCTGGGTCTC AAACTCCTGA CCTCAGGTCA 1140 

CCCacCTGCC TCAGCCTTCC AAAGTGCTGG GATTACAGGC GTGAGCCACC TCACCCAGCC 1200 

GGCTAATTTG GAATAAAAAA TATGTAGCAA TGGGGGTCTG CTATGTTGCC CAGGCTGGTC 1260 

TCTUWICTTCT GGCTTCAGTC AATCCTTCCA AATGAGCCAC AACACCCAGC CAGTCACATT 1320 

TTTTAAACAG TTACATCTTT ATTTTAGTAT ACTAGAAAGT AATACAATAA ACATGTCAAA 1380 

^ 13B1 



(2) INFORMATION FOR SEQ ID NO: 50: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 2S20 base pairs 

(B) TVPE: nucleic acid 

(C) STRANDEDNESS : both 

(D) TOPOLOGY: both 



<xi) SEQUENCE DESCRIPTION: SEQ ID NO: 50: 

CCATTGTTAG GTTGTCTCTT ACCTGTTAAA ATCAGGAGCT GACAAGAAAT GCTTACCACA 60 

AAAGGAGAAA TGCCAGTCTA GTTAACAGTC AAG6AGAGAA ATCAGGAAGA TTATGTGGGT 120 

GGAAGAAGTA GATGATGTGG CTGATGAGTO AGTGAGTGAG CAAGCCTCCG CCCAGCTOAA 180 

GAAGGA6TCA GAACTGCCCT TTGTTCCCAA CTATTTGGCG AACCCCAGCC TTCCCTTTTA 240 

TCTATACACC CACAGCAGAO GATTCAGCCC AGATGCAGAA TGGGGGCCCC TCCACACCCC 300 

CTGCATCACC CCCTGCAGJiT GGCTCACCTC CATTGCTTCC CCCTGGGAAC CTCCCCTGTT 360 

AGGGACCTTT CCCCGGOACC ACACCTCTTT GGCACTAGTT CAGAATGGTO ATGTGTCGGC 420 

CCCTCTGCCA. TACTAGAACA CCAGAAAGAC AAACGGGTGA TGTTTGTCAG CTACAGTGAG 480 
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TCXASAGOCG TCCTOTTTTC TTCTGTCCCG TCCCAAGCCa CCftTGTCTCT TCOAGCCTCA 540 

AWITGGGACO TATGCAGGAC CAGCGCCCAG ATTCCAAGCC ATTTTTCTTC ACTGGA6CAT 600 

TTCXaOTTAA TATGCAAGAG CXX5GTACTCA AGGTGAGAAT TCAGAACCCA TCTCTTCGAG 660 

- AAAATOATTT CATTGAAATT GAACTGGACC GACAGAGCTC ACCTACCAAG AGTTGCICAG 720 

AGTGTGTTGC TGTGAGCTGG GTGTTAATCC AGATCAAGTG GAGAAGATCA GAAAGTTACC 780 

C7VATACTCTG TTAAGGAAGG ACAAGGATGT TGCTCGACTC AAGATTTCAG GAGCTGGAAC 840 

TGGTTCTGAT GATAGTGAAA ATAATTTTCT GTTCAGAAAT GCTGCATCAC ACTGACTGAA 900 

AGGCCTTGCT ATACAGGAGA GCTTCAAAAC TGACTTACTA ATGCAGCAGG GACTTTTATA 960 

CTGAGTATAT GACAGTGTGC ATCACCTCTG GGCCAAGGAC AAGCCATGAT CTAAATGCCT 1020 

CAGATGCCCX; GGCCAGTCTG GTGCACTGCA TAGTATATAC GAACATCATT CTGCCCAAGG 1080 

TAGGAAGCCC CATGACCCCC AAGCAGTGGT GTCCACTCTT CCAAGCCTCT TGGTGCACAA 1140 

TAAACCTTAT TGCTTGAAGC TTTGAACGAC TGTGAGAATG GTCTGGCGAG GACGAGAACG 1200 

TGGAATTATA TGAGTGTCTT TT6TATCCGA GAAT6TAGAG AGTTCTCTGA AGACGACGAC 1260 

TGAGAGAGAG CGGACGCTAT TTCTAGCCAC TCCTGTT6AC AGTGCACCTG AAGGGCTGGG 1320 

ATGCGnrXT CTTGGTGTTG CATGCTCACA ACTCTGCTGA CATTGGGAAC TTATGAGAGA 1380 

GGAAGACTCG 6GAAA6CACA GATACT6GAC AGATGGATTC TGGTOTGGG6 AAA6GACAGA 1440 

TACTGGACAG ATGGTTCTAG TGTGACTTGT GACTGTGAGG TTTCCTATAA CATATTTATA 1500 

AATGTTCArC AGGTTCAAAA OTCTAIAAGA ATACAGTTOG AGACTGAATT GCTTCGAAAT 1560 

ACTTCQATGT T6GQAAOCAA AASAGCTTTC CCTCCCTCAC ri ' mtVm ' GTAACACTCA 1620 

TGACTGCTTC TCTGTCTCGA GTCATCTCTG CATTAACTCC CCTTOOTGGT CACTAOAGGG 1680 

CTCTCTQATG CTTCTAAGAC ACTGCTTTTT ACATGCCACA CCCAC060GT AGAGACAGGG 1740 

TCTCACTATG TGGCCCAGGC TGGTCTCAAA CTTCTGGCCT TAA6TGATC6 TCCTGTCCTT 1800 
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CGCGCTCGGA AGAAASTCGT GGGGATTACA GGTGTGAGCC ACCCGCCCAG CCCCTCCCTT 1860 

GTGTTTCAAC CAATCGGAAG TGAATTTAAC TAGATGTAGT AACCTTTTTT TTCTTTGACT 1920 

TCraaAkATkG TTACAGTTTA CTAATAAAGT TAAGTCTGGT TCTGTCCTAG AGGAAATAAA 1980 

TTCACXATTA ATTCATGTCT TAAGTTACTT GG6TTAAAAC ACTTTCAGCC ACCCAGATTA 2040 

ATXAAA6TGG AGCAGTGGAG CCCCTGGCTG GGGAGATGGG CCTCCAGAGG AGCAGCTGCA 2100 

GGCATGTTCT GGCTACACAG AGGCAA6CAA GGGACTGGTG TCTCTGGTGA GAGGTGGGTT 2160 

TGATGTATCT CTGTCCTATG CTGGTCTCTC TTCTCCTTTA TAAATCCTCC TGTGGTCACT 2220 

GACTATCGTA TCGCAGTGAT CAGACTGCAC ATAGTACGGT TAGGCTGAGC TTAATGTCTT 2280 

ATOtaTGTCA TTCGAGAGAA GACACGTTTT GATTCATGCT TTGTGTAATT AATCAATCAA 2340 

GGATTCTTTT TTTAGCTTTG TTGACGTGTA ATTCACCCCT CCTCCTCCAC TGCATATTTA 2400 

AAGCATGTGT TCACACTGTG TGTATACATT CACTGCGATT TTTTCGTTTG CTGCATTGCT .2460 

TGGACTGTTC ATAACATCAC AAGTATTATT CAAATAAAAT ATTAACTGAC CGAAAAAAAA 2520 

(2) INFORMATION FOR SEQ ID NO: 51: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 141 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS; both 

(D) TOPOLOGy: both 

(Xi) SEQOENCB DESCRIPTION: SEQ ID NO: 51: 

GAATTCCT6G GCTCAA6TGA TCCTCTCATG TCAGTCTCCC AAAGTGCT6G GATGACA6GC 60 

TTGAOCCACC ACACCAGGCC CATCATCAGT TTTTATATAA AGAAAAAAAA ACCTTAAAAT 120 

TGTIAGCAAA ATACTATGAC A 141 
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(2) mFOBMATlON FOR SEQ ID NO: 52: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 151 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: both 

(D) TOPOLOGY: both 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 52: 
GAACTCCTGA CCTCAGGTGA TCCGCCCGCC TCAGCCTCCC AAAGTGCTGG GATTACAAGC 
GTGCAGACCG CACCCAGACG ATTTTAATTC TTAACNT6CC ATCCTCTACC CAAGTACAGA 
CCACTTTAGT GTCCCTATCA AAGGGGAGAC A 



(2) INFORMATION FOR SEQ ID NO: S3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 43 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: both 

(D) TOPOLOGY: both 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 53: 
AATTCTCCTG CCTCAGCCTC GTGAGCCGCT GGGATTACAG GCG 



(2} INFORMATION FOR SEQ ID K0:54: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENtSTH: 45 base pairs 

(B) TYPE: nucleic acid 
<C} STRANDEDNESS: both 
(D) TOPOLOGY: both 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:54: 
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AAGCCftACTC AGACTCAGCC AACAGGTAAG TGGGCATTAC AGGAG 45 



(2) XKFOIIYQITION FOR SEQ ID NO: 55: 

(i) SECFDENCE CHARACTERISTICS: 

(A) LENGTH: 143 base pairs 

(B) TYPE; nucleic acid 

(C) STRANDEDNESS : both 

(D) TOPOLOGY: both 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 55: 

CTCAGTTTTC ACTTTGATCT GGTAGATAGT TTTCGTTTCA GTTGGGGGAG AAGGATCTGT 60 

TTGTAAGAAC GGAGTGACGG GATACCATAA AAATAGAGGT AATAACATAC ATTGGGACGT 120 

GTAAATTTAT TTTTATGGAA GTG 143 



(2) INFORMATION FOR SEQ ID NO: 56: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 157 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: both 

(D) TOPOLOGY: both 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 56: 

CTCACAGTTT CCTTATCTTG GTGGTCGTAA GTTTTCGTOG AAACAGTTGA TCGTTATTTG 60 

TGAGATTGTC GTATAGGGAG ACTAACAGGT AGTAACTTTT GTGACC6TCG TTAAAACTTT 120 

ACTTTTTTTT TTCTTTCTTC ' rxym - CClT CATAATG 157 



(2) INFORMATION FOR SEQ ID NO: 57: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 60 base pairs 
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<B) TYPE: nucleic acid 
(C) STRAND£Z>NESS: both 
<D) TDPOLOOT: both 



(xi) 5EQDENCE DESCRIPTION: SEQ ID K0:57: 
ACCACGCCCC GCTAATTTTT GTATTTITAG TAGAGACAGG 6TTTCACCGT GTTGGCCAGG 

(2) INFOPKATION FOR SEQ ID N0:5B: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LEKGTH: 60 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : both 

(D) TOPOLOGY: both 



(Xi) SEQtJENCE DESCRIPTION: SEQ ID NO: 58: 
ACAACGCCCA GCTAATATTT GTATTTTTAG TAGAGATGGG GTTTCTCCAT GTTCATCAGG 

(2) INFORMATION FOR SEQ ID NO: 59: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 60 base pairs 

(B) TYPEt nucleic acid 

(C) STRANDEDNESS: both 

(D) TOPOLOGY: both 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 59: 
CTGGTCTGAA ATTCCTGGGC TGAAGTGATC CTCCAGTCTT GQCCTCCCAA AGTGCTGGGA 

(2) INFORMATION FOR SEQ ID NO: 60: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 60 base pairs 

(B) TYPE: nucleic acid 
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(C) STRAKDEDENESS : both 

(D) TOPOLOGV: botlh 

(xi) SEQDEKCE DESCRIPTION: SEQ ID NO: 60: 
CTGGTSTCGA ACTCCTGACC TCAGGTGATC CXKICCGCCTC AGCCTCCCAA AGTGCTGG6A 60 



(2) INFORMATION FOR SEQ ID NO: 61: 

(i) SEQfUENCE CHARACTERISTICS: 

(A) LENGTH: 26 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : both 
{D) TOPOLOGY: both 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 61: 
AGACACATAT AGATTGAGAC AGAAAA 26 



12) INFORMATION FOR SEQ ID NO: 62: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 30 base pairs 
<B) TYPE; nucleic acid 

(C) STRANDEDNESS: both 

(D) TOPOLOGY: both 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 62: 
AGTACAGACC ACTTTAGTGT CCCTATCAAA 30 



(2) INFORMATION FOR SEQ ID NO: 63: 

<i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 31 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: both 

(D) TOPOLOGY: both 
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Ixi) SEQUENCE DESCRIPTIOHi SEQ ID 230:63: 
AGKTCTCGCT CTGTCACCCA GGCTGAAGTG C 31 



(2) INFORMATION FOR SEQ ID NO: 64: 

(i) SEQUEKCE CHARACTERISTICS: 

(A) i;EMGTH: 34 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : both 

(D) TOPOLOGY: both 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 64: 
AGAGTTTCAC TCTTGCTTGC CCAGGCTGGA GTGC 



(2) INFORMATION FOR SEQ ID NO: 65: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 59 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: both 

(D) TOPOLOGY: both 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 65: 
AGTGGCCCAA TCTOOGCTCA CTGCGAGCTC CACCTCCCGG GTTCACTTCA TTCTCCTOC 59 



(2) IHPORMATIOH FOR SEQ ID NO: 66: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENCfTB: 60 base pairs 
<B) TYPE: xmcleic acid 

(C) STRANDEDNESS: both 

(D) TOPOLOGY: both 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:66: 
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AATGGCACAA TCCTGGCTCA CTGCAACCTC CGCCCTCCCG AGCTCAAGAA CTTCTCCTCC 

(2) INFOEMATIOH FOR SEQ ID NO: 67: 

(i) SEQUENCE CHARACTERISTICS; 

(A) LENGTH: 66 base pairs 

(B) TVPE: nucleic acid 
to STRAMDEDNESS : both 
(D) TOPOLOGY: both 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 67: 
CTCAGCCTCT GAGTAGCTGG GACTACAGGC GCCCACCACA AGCCGCTAAT TTTTGTATTT 
TTGTAG 



(2) INFORMATION FOR SEQ ID NO: 68: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 67 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: both 

(D) TOPOLOGY: both 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 68: 
CTCA6CCTCG TGAGCCSCTG GOATTACAGG CGCGCGCCAC AAGCGACTAA TATTT6TATT 60 
TTT6TAG C7 



(2) INFORMATION FOR SEQ ID N0:69: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 76 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: both 

(D) TOPOLOGY: both 
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. (Xi) SBQOmCB DESCRXPTION: S£Q IP NO: 69: 
ACCACGCCCC GCTAATTTTT GTATTTTTAG TASAGACAGG GTTTCACCGT GTTX3GCCRGG 60 
ATGCTOQATC TCCTGA 7€ 

(2) INFORMATION FOR SEQ ID NO: 70: 

U) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 78 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS ; both 

(D) TOPOLOCy: both 

<xi) SEQUENCE DESCRIPTION; SEQ ID NO:70: 
ACAACGCCCA GCTAATATTT GTATTTTTAG TAGAGATGGG GTTTCTCCAT 6TTCATCAGG 60 
CTGGTGTCGA ACTCCTGA 78 

(2) INFORMATION FOR SEQ ID NO: 71: 

(i) SEQUENCE CHARACTERISTICS; 

(A) I«ENGTK: 159 base pairs 
<B) TYPE: nucleic acid 
<C) STRANDEDNESS: both 
(D) TOPOIOOV: both 

(xl) SEQUENCE DESCRIPTION: SEQ ID NO: 71: 

CCCCAAGCAG T6TTAATCCT GGCTACTGT6 TGAGCTGACC TCAAGCACAG GTSAAGGCAG 60 

AGRATCCATC CACCTCTTTC TGTTCTCCCT GCTTAGCTCC AGGGATGGAA CTGGGACTQG 120 

GAXAGAGGAA AGGTGAACTC CTCATTAAGG AAATGGAT8 159 

(2) INFORMATION FOR SEQ ID NO: 72: 
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(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 170 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: both 

(D) TOPOLCXSY: both 



(xi) SEQUENCE DESCRIPTION; SEQ ID NO: 72: 

CCCCTGTTCT TGGGTGGGTT TGGGTATATT CTGGTTGAGA TGATATCATT TACGGGGGAA 60 

GGCGCTTTGT GAAGTAGGCC TTATTTCTCT TGTCC'lTl'CG TACAGGGAGG ATTTGAAGTA 120 

C3TAGAACGCT GTTACTCCGG TCTGAACTCA GTCACGTGGC TTTATCGTTG 170 

{2) INFORMATION FOR SEQ ID NO: 73: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 52 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: both 

(D) TOPOLOGY: both 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 73: 
GATCCAAGCT ACGTACGCGT GCATGCACGT CATAGCTCTT CTATAGTGTC AC 

(2) INFORMATION FOR SEQ ID NO: 74: 

(i) SEQUENCE CHARACTERISTICS: 
{A> X£NGTH: 53 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: both 

(D) TOPOLOGY: both 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 74: 



GATCCGAGCT CGGTACCAAG TTGATGCATA GCTTGAGTAT TCTATA6TGT CAC 



53 
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(2) IKPORMATION FOR SEQ ID NO: 75: 

(1) SEQfDEKCB CHAKACTERISTICS : 

(A) LENGTH: 115 base pairs 

(B) TYPE: nucleic acid 

(C) STRAMDEDNESS : both 

(D) TOPOLOGY: bbth 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 75: 
GTAIGGGCCC GATAGCTTAT TTAGCCTTTA GAGCACACTG GCGGCCGTTA CTAGTGGATC 60 
CGAC3CTCGGT ACCAACTTGA TGCATAGCTT GAGTATTCTA TAGTGTCACC TAAAT US 

C2) INFORMATION FOR SEQ ID NO: 76: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 120 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNES5 : both 

(D) TOPOLOGY: Jboth 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 76: 
ATRIAGACAA TATAACAATA TATT6TATAC TTTAGAGCAC ACTGGCAGCC GTTACTAGTG 60 
GATCCGAGCT CGGTACCAAG TTGATGCATA GCTTGAGTAT TCTATAGTGT CACTAATAGT 120 

(2) INFORMATIOH FOR SEQ ID NO: 77: 

(i) SEQUENCE CHARACTERISTICS: 

CA) LENGTH: 117 base pairs 

(B) TYPE; nucleic acid 

(C) STRANDEDNESS : both 

(D) TOPOLOGY: both 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 77: 



CTTAATA6AT AGCTACTTAA AATAACTPAC ACACTGTTTT AGAGTGCTT6 AAAACTATCT 60 
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GATCAGACAT AGTATTGAAA CCAATGAATA CATTATATAA AGTAAA6GAA AGGAGAA 117 

(2) INFORMATION FOR SEQ ID NO: 78: 

(i) SEQUENCE CBARAC7ERI5TICS : 

(A) LENGTH: 137 base pairs 

(B) TVFE: nucleic acid 

(C) STRANDEDNESS : both 

(D) TOPOLOGY: both 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 78: 

CTTACTACCA GACAACCTTA GCCAAACCAT TTACCCAAAT AAAGTATAGG CGATAGAAAT 60 

TGAAACCTGG CGCAATAGAT ATAGTACCGC AAGGAAAGAT GAAAAATTAT AACCAAGCAT 120 

AATATAGCAA GGACTAA • 137 

(2) INFORMATION FOR SEQ ID NO: 79: 

(i) SEQUENCE CHARACTERISTICS: 

<A) LENGTH: 198 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: both 

(D) TOPOLOGY: both 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 79: 

CTATAAAGGT CGTTGTCAAC GATAAAGCAC GTGACTGAGT TCAGACC06A 0TAACAGC6T 60 

TCTACTACTT CAAATCCTCC CTGCGAAAGG CAAGAGAAAT AAGGCCTACT TAAGCGCCTT 120 

CCCCCGTAAA TGATATCATC TCAACCAGAA TATACCCAAA CCCCCCAAGA ACAGGGGAGG 180 

AAAAGAAAAA AAAAAAAA 196 

[2) INFORMATION FOR SEQ ID NO: 80: 
(i) SEQUENCE CHARACTERISTICS: 
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<A) XiENGTH: 200 base pairs 

(B) TYPE: nucleic acid 

(C) STRAHDEDNESS; both 

(D) TOPOIOGV: both 



{xi} SEQDEtXCE DESCRIPTION: S£Q ID NO: BO: 

CTATAGAGAT TGTTGATrTG CCTCTTAAGC AAGAGATTCA TTGCAGCTCA GCATGGCTCA 60 

GACCAGCTCA TACTTCATGC TGATCTCCTG CCTGATGTTT CTGTCTCAGA GCCAAGGTAA 120 

GATCTCTTTT CCAACTCTTT CTAGCCCTGA AGACTTCACT CTATCCCCAA GCATACGGGT 180 

CTACTTGAAA AAAAAAAAAA 200 

(2) INFORMATION FOR SEQ ID NO: 81: 

(i) SEQUENCE CHARACTERISTICS; 

(A) I^GTH: 82 base pairs 

(B) TVPE: nucleic acid 

(C) STRANDEDNESS : both 

(D) TOPOLOGY: both 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 81: 
CAGAAAACTA GCTACACAAT GCATTGGTCT ATCATGTTAA AACGTGCATT AGACACAAAT 60 
ACAAAAACCA TGAAACAAGC CA 82 
(2) XNFQRHATICN FOR SEQ ID NO; 83: 

(i) SSQUENCB CHARACTERISTICS t 

(A) LENGTH: 90 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: both 

(D) TOPOLOGY: both 

{xi> SEQUENCE DESCRIPTION: SEQ ID NO: 82: 
CAGAAAATITT GCCAAGCTAA ACTAATGGTC TATAAAAGCG TAATTTGCAT OTGTCGGCAT 60 
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AAACTACAGA GCTCATGCTA GAC5TATGCAA 90 

(2) INFORMATION FOR SEQ ID NO: 83: 

(1) SEQOENCE CHARACTERISTICS; 

(A) I*ENGTO: 141 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : both 

(D) TOPOLOGY: both 

<xi) SEQUENCE DESCRIPTION: SEQ ID NO: 83: 

AATTGGGTAC CGGGCCCCCC CTAGAGGTCG ACGGTATCGA TAAGCTTGTA TCGAATTCCG 60 

GACTTTGCTT TTGGTTTTCC TTTCCTGTGA AAAGGTTGGT TTTAAAGTGA GATACACTTT 120 

TCCGTAGAAC AAGTGTTCTA T 141 

(2) INFORMATION FOR SEQ ID NO: 84: 

(i) SEQOENCE CHARACTERISTICS: 

(A) I.EN6TH: 155 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: both 

(D) TOPOLOGY: both 



(Xi) SEQOENCE DESCRIPTION: SEQ ID NO: 84: 

AAGTTGATTG CTTCAAATTT CT6CTACTAA CTTCAAGCTA TGGGAGTTTG GCAGTAGTCA . 60 

CTTGAGGATT TTTTTTCCAA TTCGTTTTCA TTTTTGTTGT TAAA6CTCGT ACTTCAGTGA 120 

GACAC5AAAAA TTGCCAAGCT AAACTAATGG TCTAT 155 



(2) INFORMATICH FOR SEQ ID HO: 85: 

(i) SEQOENCE CHARACTERISTICS: 

(A) LENGTH: 232 base pairs 

(B) TYPE: nucleic acid 
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(C) STRANDEDNESS: both 

(D) TOPOLOCT: both 



(xl) SEQOENCE DESCRIPTION: SEQ ID 170:65: 

GAATTCCTGG GCTCAAGTGA TCCTCTCATG TCAGTCTCCC AAAGTGCTGG GATGACAGGC 60 

TTCAGCCaCC ACACCAGCCC ATCATCAGTT TTTATATAAA GAAAAAAAAA CCTTAAAATT 120 

GTTAGGCAAA TAATGACAAA TTGTAATATA TATTCTTACA TTTCAGATTT TTATTTTTTA 180 

AACTGATAAG AATTGATTAA TAAATAAAAT TTAGTATTAA TCTGTCTTTT AA 232 
(2) INFORMATION FOR SEO ID NO: 86: 

(i) SEODENCE CHARACTERISTICS: 

(A) LENGIH: 245 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : both 

(D) TOPOLOGY: both 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 66; 

AAATTCCTGG GCTGAAGTGA TCCTCCA6TC TTGGCCTCCC AAAGTGCTGG GATTACAQGC 60 

AT6AGCTACT GAGCCTAGCC TTAATGATTA ATTTTAGAGT GATG6CTTGT ACCTTCAAGC 120 

AACATATAGA GTTGAGACAO AAAAXTTCCA TC6TCCC6AG AAAACTGTGC TGCATGGGCC 180 

CCGTGTGCCC TOTGAAGATC GCCCTATTAA CTATAAAT6G GCATTGCACA TOGTTGCCAG 240 

CTTCA 245 



(2) INFORMATION FOR SEQ ID NO: 87: 

(i) SEQDENCB CHARACTERISTICS: 

(A) LENGTH: 239 base pairs 

(B) TVPE: nucleic acid 

(C) STRANDEDNESS: both 

(D) TOPOLOGY: both 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 67: 

AACGTTTCGA ACCTATCGTG AAGCCCGATT TTAGAGTTAA TACGGGTGCT TCAAGGGAAC 60 

GGGGCTATGA GAAGTTTTCT ACGGGGAGCA TGGAAATTTT CTGTCTCAAT ATGTGCTTGA 120 

AGGTACAACC GTATCTAAAA TTAATCATTA AGGCTAGGCT CAGTAGCTCT GCCTGTAATC 180 

CCAGCACTTT CGGGAGGCCA AGACTGGAGG ATCACTTCAG CCCAGGAATT TCAGACGCC 239 

(2) INFORMATION FOR SEQ ID NO; 88: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 260 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: both 

(D) TOPOLOGY: both 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 88: 

TACTGTGTGA GCCTGACCTC AAGCACAGGA TTCCAGAAAT GGAAGGATGT GCCTTGTGAA 60 

GACAAGTTCT CCTTTGTCTG CAAGTTCAAA AACTAGAGGC AGCTGGAAAA TACATGTCTA 120 

GAACTGATCC AGCAATTACA ACGGAGTCAA AAATTAAACC GGACCATCTC TCCAACTCAA 180 

CTCAACCTGG ACACTCTCTT CTCTGCTGAG TTTGCCTTGT TAATCTTCAA TAGTTTTACC 240 

TACCCCAGTC TTTGGAACCT 260 

(2) INFORMATION FOR SEQ ID NO: 89: 

(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 149 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: both 

(D) TOPOLOGY: both 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO:89: 

CTTGCTTGCC CAGGCTGC3AG TGCAATOGCA CAATCCTGGC TCACTGCAAC CTCCCCCTCC 60 

C6AGCTCAAG AACTTCTCCT GCCTCAGCCT 0C3TGAGCCGC TGGGATTACA GGCGCGC6CC 120 

ACAAGCGACT AATATTTGTA TrTTTGTAG 149 



(2) IKFORMATION FOR SEQ ID NO: 90: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 167 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: both 

(D) TOPOLOGY: both 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 90: 
CTCGCTCTGT CACCCAGGCT GAAGTGCAGT GGCCCAATCT CGGCTCACTG CGAGCTCCAC 60 
CTCCCGGGTT CACTTCATTC TCCTGCCTCA CTGCCTCAGC CTCTGAGTAG CTGGGACTAC 120 
AGGCGCCCAC CACCAC6TCC CCTGCTAATT TTTTGTATTT TTAGTAG 167 
(2) INFORMATION FOR SEQ ID NO: 91: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 84 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: both 

(D) TOPOLOGY: hoth 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 91: 
CCATGTTCAT GAGGCTGGTG TCGAACTCCT GACCTCGTGA TCCGCCOGCC TCAGCCTCCC 60 
AAAGTGCTGO GATTACAAGC 6TGC 84 



(2) INFORMATION FOR SEQ ID NO: 92: 
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(i} SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 85 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : both 

(D) TOPOLOGy: both 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 92: 
CCGTGTTGGC CAGGATGGTC TCGATCTCCT GACCTCGTGA TCCGCCCGCC TTGGCCACCC 60 
AAAGAGTTTG GGATTACAGG CGTGC 85 



(2) INFORMATION FOR SEQ ID NO: 93: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 251 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: both 

(D) TOPOLOGY: both 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 93: 

TGCAGCAATG GCAACAACGT CTGCAAACTA TTAACTGGCG AACTACTTAC TCTAGCTTCC 60 

CGGCAACAAT TAATAGACTG GATGGAGGCG GATAAAGTTG CAGGACCACT TCTGCGCTC6 120 

GCCCTTCCGG CTGGCTGGTT TATTGCTGAT AAATCTGGAO COGGTCGAGC GTGGGTCTOG 190 

CGTATCATTC GAGCACT6GG GCCAGATGGT AAOCCCTCCG TATCGTAGTT ATCTCACAGC 240 

AGGGAGTCA6 O 251 
(2) INFORMATION FOR SEQ ID NO: 94: 

(1) SEQUENCE CHARACTERISTICS; ' 

(A) LENGTH: 242 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: both 

(D) TOPOLOGY: both 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 94: 

TGCAGGAGCG GGGAGGOICO ATGGJCCGCTT TGGTCCXfGAT CTTTGTQAGO AACCTTACTT 60 

CTGIGGTSTO ACATAATTGG .ACAAACTACC TACAGAGATT TAAAGCTCTA AGGAAATATA 120 

AAATTTTTAA GTGTATAATG T6TTAAACTA CTGATTCTAA TTGTTTGTGT ATTTTAGATT 180 

CCAACCCTAT GGAACCTGAT GAATGGGAGC CAGTGGTGGA ATGCCTTTAA TGAGGAAACC 240 

^ 242 



(2) INFORMATION FOR SEQ ID NO: 95: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 208 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : both 

(D) TOPOLOGY: both 



(xi) SEQTJENCB DESCRIPTION: SEQ ID NO: 95: 

TGCAGCAATC TTTCTTATAT ACATGCTTAA TAGATAGCTA Cn : AAATAA CTTACACACG 60 

TTTTAGAGTT GCTTGAAAAC TATCT \TCA AGACATAGTA ATI GAAACCA ATGAATACAT 120 

TATATAAAGT AAAGGAAAGG AGAAGAGAGG AAAGGGAGGG GAAGAGGAGA GGGAGGGACA 180 

AGCGAGAAAG GAAAGGGAAG 6GAGAAAA 208 

(2) INFORMATION FOR £EQ ID NO: 96: 

(i) SEQUENCE CHARACTERISTICS: 

(A) I£NGIH: 152 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: both 

(D) TOPOLOGY: both 



(xl) SEQUENCE DESCRIPTION: SEQ ID NO: 96: 
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CTCaCTAftAG GGATCAAGGA ATAATTTTGA ATTTCAAGTC TTACATTTAA TAAATACATT 60 

CaXAAGGCTA TAACTACCAT ACGTTGTGAT TTCTCTGATT AATTTAAAAA TAAATTAAAA 120 

CCTGGAftAGA ATTTTACCAT TCTAGGAAGC CA 152 

(2) INFORMATION FOR SEQ ID NO: 97: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 338 base pairs 

(B) TYPE: nucleic acid 
(C> STRANDEDNESS: both 
(D) TOPOLOGY: both 

{xi) SEQUENCE DESCRIPTION: SEQ ID NO; 97: 

AATCTATCTT ATATACATGC TTAATAGATA GCTACTTAAA ATAACTTACA CACGTTTTAG 60 

AGTTGCTTGA AAACTATCTG ATCAAGACAT AGTAATTGAA ACCAATGAAT ACATTATATA 120 

AAGTAAA6GA AAGGAGAAGA GAGGAAAGGA GGGGAGAGGA GAGGAGGACA AGCGAGAAAA 180 

GGAAGGGAAG GGAGAAAAAG G6GGAAAGGG AGGTAGAGAG AGAGAGAAAA AGTGCTGGTC 240 

ATATAGTAAG TGTACATTTT AACTTTTTAA GAAACTACCC TACTCTATTC CAGAGTGATT 300 

GTACAT6TGC ATTTTACTGC ATTATAGAGA TCATTTTC 338 

(2) INFORMATION FOR SEQ ID NO: 98: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 169 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: both 

(D) TOPOLOGY: both 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 98; 
TGCAGGAGTG GGGAGGCACG ATGGCC6CTT TGGTCCGGAT CTTTGTGAAG GAACCTTACT 60 



wo 96/15272 



PCT/US95/17111 



-159- 

TCTGTGTGTG ACATAATTQG ACAAACTACC TACAGAGATT TAAAC6TCTA AG6TAAATAT 120 
AAAATTTTTA GT6TATAGGT TAAACTACTG ATTCTAATGT TGTGTATTT 169 



(2) IKFORMATION FOR SEQ ID NO: 99: 
(1) SEQDEtTCE CHARACTERISTICS; 

(A) LEK6TH: 209 base paire 
(B> TypE: nucleic acid 

(C) STRANDEDNESS : both 

(D) TOPOLOGY: both 



(xi) SEQUENCE DESCRIPTION: SEQ ID KO:99: 

CCCCGGGCTG CAGCAATGGC AACAACGTCT GCAAACTATT AACTGGCGAA CTCATTCATC 60 

TAGCTTCCCG GCAACAATTA ATGACTGGAT GGAGGCGGAT AAAGTTGCAG GACCACTTCT 120 

CGCGTGGCCC TTCCGGCTGG CTGGTTTATT GCTGATAATT GAGCGTGCGA GTGGCTCGCG 180 

TATCRTTCGC GACATGGGCC AGTAGGTAC 209 



(2) INFORMATION FOR SEQ ID HO: 100: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 272 base pairs 

(B) TVPE; nucleic acid 

(C) STRANDEDNESS: both 

(D) TOPOLOGY: both 



(xi) SEQUENCE DESCRIPTION i SEQ ID NO: 100: 

CTTGCCCTTC ATGGA{3TCAT ACAGCCGATC AGCAAAATGC AGGGGCTTGT TCT6AATGCA €0 

CTGAACCAGG TTCAGGAAAG CATTTTCCAG GTCTCCTTTA ACCTCTTTCC TGATGCTTTC 120 

CAACA7GTCA TAA6GGCT6T AACTCTTGTA CCTATCAAAT ACrTTCTGGA GGTGGGGACA 180 

CGCTCGCGTC GGTCATGATQ CTGATCCACT TGGGAACATC AGTTCTTTCC TCTTCACTCC 240 
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AGCTGCATAG AGATCCGAGG ACTCTTGGTC AA 272 

(2) I2m3«MATION FOR SEQ ID 130:101: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 276 base pairs 

(B) TYPE: nucleic acid 

(C) STRAKDEDKESS : both 

(D) TOPOIiOGY; both 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 101: 

ACGGCCCAGC TTCCTTCAAA ATGTCTACTG TTCACGAAAT CCTGTGCAAG CTCAGCTTGG 60 

AGGGT6ATCA CTCTACACCC CCAAGTGCAT ATGGGTCTGT CAAAGCCTAT ACTAACTTTG 120 

ATGCTGAGCG GGATGCTTTG AACATTGAAA CAGCCATCAA GACCAAAGGT GTGGATGAGG 180 

TCACCATTGT CAACATTTTG ACCAACCGCA GCAATGACAC GAGACAGGAT ATTGCCTTCG 240 

CCTACCAGAG AAGGACCAAA AAAGGAACTT GCATCACA 278 

(2) INFORMATION FOR SEQ ID NO: 102: 

(i) SEQOENCE CHARACTERISTICS i 

(A) LENGTH: 228 base pairs 
fB) TYPE: nucleic acid 

(C) STRANDEDNESS: both 

(D) TOPOLOGY: both 

(xi) SEQUENCE DESCRIPTION: SEQ ID HO: 102: 

AGCAATAGCA AAGGAAAOGA AACAATATTT AGCAAG6TTT ATTCrTCCTT TGTGTCAGCA 60 

TTTCTGAGTG TGCACACAGG CCCA6T6ATT CCAT6TATTT TTGAGTGACC ACTGCCTCTG 120 

TCTGGCCCTT CCCCATAGAA COGCCGCTGG TGGAGCGTGG GTCCCTGGTC TCCTACAA6T 180 

CCTG6GGCAT TGGAGCCCCA AGCAGTGTTA ATCCTGGCAC TGTGTHAG 228 
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(2) INFOSMATIOai FOR SEQ XD NO: 103: 

(i) S'EQOBStCB CHARACTERISTICS: 

(A) LENGTH: 246 base pairs 
CB) TYPE: nucleic acid 

(C) STRANDEDNESS : both 

(D) TOPOLOGnr: both 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 103: 

AGCAATGGCA ACAACGTCTG CAAACTATTA ACTGGCGAAC TACTTACTCT TAGCTTCCGG 60 

CAACAATTAA TA6ACTGGAT GGAGGCGGAT AAAGTT6CAG GACCACTTCT 6CGCTCGGCC 120 

CTTCCGGCTG GCTGGTTTAT TGCTGATAAA TCTGGAGCCG GTCGAGCGTG GGTCTCGCGT 180 

ATCATTCGAG NCTGGGGCCA GATGGTAAGC CCTCCGTATC GTAGTTATCT CACAGCAGGG 240 

AGTCAG 246 



(2) INFORMATION FOR SEQ ID NO: 104: 

(i) SEQUENCE CHARACTERISTICS: 

(A) IJBNGTH: 86 base pairs 

(B) TXTB: nucleic acid 

(C) STRAMDEDNESS : both 

(D) TOPOIiOGY: both 



(xi) SEQDENCE DESCRlPTIONt SEQ ID HO:104; 
CTGGCACTGa AGCAGTGGfGT CCCTGGTCTC CTACAftSTCC TGGGGCATTO GAGCCCCAAG 60 
CAGT6TTAAT CCTG6CACTG TGTQ2U3 66 



(2} XNFQRMATIQN FOR SEQ ID NO: 105: 

(i) SEQUENCE CHARACTERISTICS: 

(A) I*ENGTH: 154 base pairs 
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(B) 
(C) 
(D) 



TypB: nucleic acid 



TOPOLOGY: both 



STRANDE0HESS : both 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 105: 



CTGGAGCCGG TCGAGCGTGG GTCTCGCGTA TCATTCGAGN CTGGGGCCAG ATGGTAAGCC 



60 



CTCCGTATCG TAGTTATCTC ACAGCCGTAT CATTCGAGNC TGGGGCCAGA TGGTAAGCCC 



120 



TCCGTATCGT AGTTATCTCA CAGCAGGGAG TCAG 



154 



(2) INFORMATION FOR SEQ ID NO : 106: 

(i) SEQtTENCE CHARACTERISTICS: 

(A) LENGTH: 221 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : both 

(D) TOPOLOGY: both 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 106: 

AGGAGACTTG TGGTAAAAAT CTGCTGCTGT ACTGCTCATT TGGGAACCTT AGTATACTAA 60 

ATAATATAAT ATATCAACAA CTAATGGTCA GCCAATGCTA TGCTGGAT^IT GAGGGTCCTG 120 

GGCCACAAAG ACAAAAAATC A6GAACCACT TTTTAAGTGA GATACTTT60 GTCTCTGTCA IBO 

AATTCftTAAC ACTTATTTCT T6GT6GAATA CA6TTAATGA G 221 

(2) mPORnATION FOR SEQ ID NO: 107: 
(i) SEQUENCE CHARACTERISTICS: 



(A) LENGTH: 231 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: both 

(D) TOPOLOGY: both 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 107: 

AGGAGCGGGG AGGCACGATG GCCGCTTTGG TCCGGATCTT TGTGAGGAAC CTTACTTCTC 60 

TGGTGfGACA T?UITTGGACA AACTACCTAC AGAGATTTAA AGCTCTAAGG AAATATAAAA 120 

TTTTTRAGTG TATAATGTGT TAAACTACTG ATTCTAATTG TTTGTGTATT TTAGATTCCA 180 

ACCCTATGGA ACCTGATGAA TGGGAGCCAG TGGTGGAATG CCTTTAATGA G 231 

(2) INFORMATION FOR SEQ ID NO: 108: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 102 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : both 

(D) TOPOLOGY: both 

Cxi) SEQT3ENCE DESCRIPTION: SEQ ID NO: 108: 
TAAATCTGGA 6CCGGTCGAG CGTGGGTCTC GCGTATCATT CGAGCACTGG GGCCAGATGG €0 
TAAGCCCTCC GTATCGTAGT TATCTCACAG CAGGGAGTCA GG 102 

(2) INFORMATION FOR SEQ ID NO: 109: 

(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTB: 110 base pairs 
(B> TYPE: nucleic acid 
(C) STRANDEDNESS: both 
<D) TOPOLOGY: both 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:10?: 

lAGAACCGCC GCTGGCACTG GAGCAGTGGQ TCCCTQGTCT CCTACAA6TC CTGGQGCATT 60 

GGAGCCCCAA 6CAGTGTTAA TCCTGGCTAC TGTGTGAGCC TGACCTCAAG 110 

(2) INFORMATION FOR SEQ ID NO: 110: 
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(i.) SEQUENCE CHARACTERISTICS: 
<A) LENGTS: 85 base pairs 
<B) TyPE; nucleic acid 

(C) STRAKDEDNESS : both 

(D) TOPOLOGY: both 



{XX) SEQfOENCE DESCRIPTION: SEQ ID NO: 110: 
ATAGATATCT ACTTTATTCG ATTTAAATTC TGTTTAGTAT TTTATTATAT TTTGTTAATC 60 
CffriTGTCCC AATTCATATA CTTAT 85 



(2) INFORMATION FOR SEQ ID NO: 111: 

[i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 95 base pairs 

(B) TYPE: nucleic acid 
<C} STRANDEDNESS : both 
(D) TOPOLOGY: both 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 111: 
ATAGATRGCT ACTTAAAATA ACTTACACAC TGTTTTAGAG TGCTTGAAAA CTATCTGATC 60 
AGACATA6TA ATTGAAACCA ATGAATACAT TATAT 95 
(2) INFORMATION FOR SEQ ID NO: 112: 

(1) SEQUENCE CHARACTERISTICS; 

(A) LENGTH: 90 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: both 

(D) TOPOLOGY: both 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 112: 



GAAGGATCTG TTTGTAAGAA CGGAGCGGGA TACCATAAAA ATAGAGGTAA TAACATACAT 



T6GGACGTGT AAATTTATTT TTATNNAANT 



60 
90 



wo 96/15272 



PCT/DS95/17111 



-165- 



(2) INFORMATION FOR SEQ ID MO:lI3: 

<i) SEQDEKCE CHARACTERISTICS: 

(A) LENGTH; 94 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNHS5: both 

(D) TOPOLOGY: both 



(xi) SEQOENCE DESCRIPTION: SEQ ID NO: 113: 
GAAGGATCTT ACCATTTTAA GAAAGGTCCA AAATTAAATA AAAATTTAAT TAGTCTCTTT 60 
AGTGTTGCAT ACCATCAATA TCGGAATACT AAAT 94 



(2) INFORMATION FOR SEQ ID NO: 114: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 2 00 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: both 

(D) TOPOLOGY: both 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 114: 

ACCTGGTGCT GTGCTCACCC AGGCCGAGGG T6CCTTTGTG GCCTCACTGA TTAAGGAGAO 60 

TG6CRTQATG ACTTCAATGT CTGGATTGGC CTCCATGACC CCAAAAAGAA C06CCGCT6G 120 

GGAGCGTGGG TCCCTGGTCT CCTACAAGTC CTGOGGCATT GGAGCCCCAA GCAGTGTTAA 180 

TCCTG6CTAC TGTGTGAGCC 200 



(2) INFORMATION FOR SEQ ID N0:11S: 

(i) SEQDENCB CHARACTERISTICS: 

(A) LENGTH: 218 base pairs 

(B) TYPE: nucleic acid 
<C) STRAHDEDNESS : both 
(D) TOPOLOGY: both 
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(xl) SEQUmCB DESCRIPTION: SEQ ID NO: 115: 



AACTGqCGAA CTACTTACTC TAGCTTCCGG CAACAATTAA TAGACTGGAT GGAGGCGGAT 



60 



AAaSTTGCAG GACCACTTCT GCGCTCGGCC CTTCCGGCTG GCTGGTTTAT TGCTGATAAA 



120 



TCTGGA6CCG GTGAGCGTGG GTCTCGCGTA TCATTGCAGC ACTGGGGCCA GATGGTAAGC 



180 



CCTCCGTATC GTGGTTATCT ACACGACGGG GAGTACGC 



216 



(2) INFORMATION FOR SEQ ID NO: 116: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 146 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: both 

(D) TOPOLOGY: both 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 116: 
AGGCCCATCA TCAGTTTTTA TATAAAGAAA AAAAAACCTT AAAATTGTTA GGCAAATACT 60 
ATGACAAATT GTAATATATA TTCTTACATT TCAGATTTTT ATTTTTTAAA CTGTATAGAA 120 
TTGATTAATA AATA7VAATTT AGTATT 146 
(2) INFORMATION FOR SEQ ID NO: 117: 

(1) SEQUENCE CBARACTERISTICS : 

(A) LENGTH: 155 base pairs 

(B) TYPE; nucleic acid 

(C) STRANDEDNESS: both 

(D) TOPOLOGY: both 



(xi) SEQUENCE DESCRIPTION: SEQ ID HO: 117: 
AGGCACGATG GCCGCTTTGG TCCGGATCTT TGTGAAGGAA CCTTACTTCT GTGTGTGACA 60 
TAATTGGACA AACTACCTAC AGAGATTTAA ACGTCTAAGG TAAATATAAA ATTTTTAGTO 120 
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TAXAG6TTAA. ACXACTGATT CTAATGTTGT GTATT 155 



(2} XNFORMATION FOR SEQ ID NO: 118: 

(i) SEQUEtlCB CHARACTERISTICS: 

(A) liEXSGTH: 102 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNE5S: both 
<D> TOPOLOGY: both 



(xi) SEQDEKCE DESCRIPTION: SEQ ID NO: 118: 
TAAATCTGGA GCCGGTGAGC GTGGGTCTC6 CGTATCATTG CAGCACTGGG GCCAGATGGT 60 
AAGCCCTCCG TATCGTGGTT ATCTACACGA CGGGGAGTAC GG 102 



(2) INFORTATION FOR SEQ ID NO: 119: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 116 base pairs 

(B) TYPE: nucleic acid 
{C) STRANDEDNESS: both 
(D) TOPOLOGY: both 

ixx) 5EQDENCE DESCRIPTION: SEQ ID NO: 119: 
TAGAACCGCC GCTGGCACTG GAGCAGTGGG TCCCTGGTCT CCTACAAOTC CTGGGGCATT 60 
GGAGCCCCAA GCAGTOTTAA TCCTGGCTAC TGTGTGAGCC TGACCTCAAG CACAGO 116 



(2) INFORMATION FOR SBQ ID NO: 120: 

(i) SEQUENCB CHARACTERISTICS: 

(A) LENGTH: 141B base pairs 

(B) TYPE: nucleic acid 

(C) STRAHDEDNESS: both 
ID) TOPOLOGY: hotH 



wo 96/15272 



PCT/US95/17111 



-168- 



(ix) FEATORE: 

(A) KAMB/KEY: CDS 

(B) LOCATION: 14.. 1416 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 120: 



Trrx ' rrrni gag atg gag ttt tcg ctc ttg tto ccc agg ctg gag tgc 49 

Met Glu Phe Ser Leu Leu I^eu Pro Arg Leu Glu Cys 
15 10 

AAT GGC GCA ATC TCA GCT CAC CGC AAC CTC CGC CTC CCG GGT TCA AGO " 97 
Asn Gly Ala lie Ser Ala His Arg Asn Leu Arg Leu Pro Gly Ser Ser 
15 20 25 

GAT TCT CCT GCC TCA GCC TCC CCA GTA GGC TGG GAT TAC AGG CAT GTG 145 
Asp Ser Pro Ala Ser Ala Ser Pro Val Gly Trp Asp Tyr Arg His Val 
30 35 40 



CAC CAC GCT CGG CTA ATT TTG TAT TTT TTT TTA GTA GAG ATG GAG TTT 193 
His His Ala Arg Leu lie Leu Tyr Phe Phe Leu Val Glu Met Glu Phe 
45 50 55 60 



CTC CAT 6TT GGT CAG GCT GGT CTC GAA CTC CGA CCT CAG ATG ATC CTC 241 
Leu His val Gly Gin Ala Gly Leu Glu Leu Arg Pro Gin Met lie Leu 
65 70 75 



CCG TCT CGG CCT CCC AAA GTG CTA GAT ACA GGA CTG AGC ACC ATG CCC 289 
Pro Ser Arg Pro Pro Lys Val Leu Asp Tbr Gly Leu Ser Thr Met Pro 
80 85 90 



GGC CTC TGC CTG GCT AAT TTT TOT GGT AGA AAC AGG GTT TCA CTG ATG 337 
Gly Leu Cys Leu Ala Asn Phe Cys Gly Arg Asn Arg Val Ser Ijeu Met 
95 100 105 



TGC CCA AGC TGG TCT CCT GAG CTC AAQ CAG TCC ACC TGC CTC AGC CTC 3B5 
cys Pro Ser Trp Ser Pro Glu Leu Lys Gin Ser Thr Cys Leu Ser Leu 
110 115 120 



CCA AAG TGC TGG GAT TAC AGG CGT GCA GCC GTG CCT GGC CTT TTT ATT 433 
Pro Lys Cys Trp Asp Tyr Arg Arg Ala Ala Val Pro Gly Leu Phe lie 
125 130 135 140 
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TTA TTT TTT TTA AGA. CRC AGG TOT CCC ACT CTT ACC CAG GAT GAA GTO 481 
Leu J?lie Phe I#eu Arg His Arg Cys Pro Thr Leu Thr Gin Asp Glu Val 
145 150 155 

CAG TGG TGT GAT CAC AGC TCA CTG CAG CCT TCA ACT CTG AGA TCA AGC 529 
Gin Trp cys Asp Bis Ser Ser Leu Gin Pro Ser Thr Leu Arg Ser Ser 
ifiO 165 170 



ATC CTC CTG CCT CAG CCT CCC AAA GTA GCT GG6 ACC AAA GAC ATG CAC 577 
lie Leu Leu Pro Gin Pro Pro Lys Val Ala Gly Thr Lys Asp Met His 
175 180 185 

CAC TAC ACC TGG CTA ATT TTT ATT TTT ATT TTT AAT TTT TTG AGA CAG 625 
His Tyr Thr Trp Leu lie Phe lie Phe lie Phe Asn Phe Leu Arg Gin 
190 195 200 

AGT CTC AAC TCT GTC ACC CAG GCT GGA GTG CAG TGG CGC AAT CTT GGC 673 
Ser Leu Asn Ser Val Thr Gin Ala Gly Val Gin Trp Arg Asn Leu Gly 
205 210 215 220 



TCA CTG CAA CCT CTG CCT CCC GGG TTC AAG TTA TTC TCC TGC CCC AGC 721 
Ser Leu Gin Pro Leu Pro Pro Gly Phe Lys Leu Phe Ser Cys Pro Ser 
225 230 235 



CTC CTG AGT AGC TGG GAC TAC AGG CGC CCA CCA CGC CTA GCT AAT TTT 769 
Leu Leu Ser Ser Trp Asp Tyr Arg Arg Pro Pro Arg Leu Ala Asn Phe 
240 245 250 

TTT GTA TTT TTA OTA GAG ATG GGG TTT CAC CAT GTT CGC CAG GTT GAT 817 
Phe Val Phe Leu Val Glu Met Gly Phe His His Val Arg Gin Val Asp 
255 260 265 

GCT AGA TCT CTT GAC CTT GTO ATC TGC CTO CCT CGO CCT CCC AAA GTG 865 
Ala Arg Ser Leu Asp Leu Val He Cys Leu Pro Arg Pro Pro Lys Val 
270 275 280 

CTG GGA TTA CAG GAC GTG ACG CCC ACC GCC CGO CCT ATT TTT ART TTT 913 
Jj&i Gly Leu Gin Asp Val Thr Pro Thr Ala Arg Pro He Phe Asn Phe 
285 290 295 300 

TGT TTG TTT GAA ATG GAA TCT CAC TCT GTT ACC CAG GCT GGA GTG CAA 961 
Cys Leu Phe Glu Met Glu Ser His Ser Val Thr Gin Ala Gly Val Gin 
305 310 315 
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TGG CCA AAT CTC GGC TCA CTO CAA CCT CTG CCT CCC GGG CTC AAG CGA 1009 
Trp Pro Asn Leu Gly Ser Leu Gin Pro Leu Pro Pro Gly Leu Lys Arg 
320 325 330 

TTC TCC TGT CTC AGC CTC CCA AGC AGC TGG GAT TAC GGG CAC CTG CAC 1057 
Phe Ser Cys Leu Ser Leu Pro Ser Ser Trp Asp Tyr Gly His Leu Hie 
335 340 345 

CAC ACC CCG CTA ATT TTT GTA TTT TCA TTA GAG GCG GGG TTT CAC CAT 1105 
His Thr Pro Leu He Phe Val Phe Ser Leu Glu Ala Gly Phe His His 
350 355 360 

ATT TGT CAG GCT GGT CTC AAA CTC CTG ACC TCA GGT GAC CCA CCT GCC 1153 
Jle Cys Gin Ala Gly Leu Lys Leu l^eu Thr Ser Gly Asp Pro Pro Ala 
365 370 375 3B0 

TCA GCC TTC CAA AGT GCT GGG ATT ACA GGC GTG ACG CCT CAC CCA GCC 1201 
Ser Ala Phe Gin Ser Ala Gly He Thr Gly Val Thr Pro His Pro Ala 
385 390 395 

GGC TAA TTT AGA TAA AAA AAT ATG TAG CAA TGG GGG GTC TTG CTA TGT 1249 
Gly 

TGC CCA GGC TGG TCT CAA ACT TCT GGC TTC ATG CAA TCC TTC CAA ATG 1297 
AGC CAC AAC ACC CAG CCA GTC ACA TTT TTA AAC AGT TAC ATC TTT ATT 1345 
TTA GTA TAC TAG AAA GTG ATA CGA TAA CAT GGC GGA ACC TGC AAA TTC 1393 
GAG TAG TAC AGA GTC TTT TAT AAC T 1418 



(2) INFORMATION FOR SBQ ID MO: 121; 

(i) SEQUENCE CHARACTERISTICS: 

(A) XfENGIH: 402 amino acids 

(B) TYPE: amino acid 
(O) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 121: 
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Met Glu Phe Ser Leu Leu Leu Pro Arg Leu Olu Cys Asn Gly Ala lie 
15 XO IS 

Ser Al,a His Arg Asn Leu Arg lieu Pro Gly Ser Ser Asp Ser Pro Ala 
20 25 30 

Ser Ala Ser Pro Val Gly Trp Asp Tyr Arg His Val His His Ala Arg 
35 40 45 

Leu He Leu Tyr Phe Phe Leu Val Glu Met Glu Phe Leu His Val Gly 
50 55 60 

Gin Ala Gly Leu Glu Leu Arg Pro Gin Met He Leu Pro Ser Arg Pro 
65 70 75 80 

Pro Lys Val Leu Asp Thr Gly Leu Ser Thr Met Pro Gly Leu Cys Leu 
es 90 95 

Ala Asn Phe Cys Gly Arg Asn Arg Val Ser Leu Met Cys Pro Ser Trp 
100 105 110 

Ser Pro Glu Leu Lys Gin Ser Thr Cys Leu Ser Leu Pro Lys Cys Trp 
115 120 125 

Asp Tyr Arg Arg Ala Ala Val Pro Gly Leu Phe He Leu Phe Phe Leu 
130 135 140 

Arg His Arg Cys Pro Thr Leu Thr Gin Asp Glu Val Gin Trp Cys Asp 
1« ISO 155 160 

His Ser Ser Leu Gin Pro Ser Thr Leu Arg Ser Ser He Leu Leu Pro 
165 170 175 

Qln Pro Pro Lys Val Ala Gly Thr Lys Asp Met His His Tyr Thr Trp 
IBO 185 190 

Leu He Phe He Phe He Phe Asn Phe Leu Arg Gin Ser Leu Asn Ser 
195 200 205 



Val Thr Gin Ala Gly Val Gin Trp Arg Asn Leu Gly Ser Leu Gin Pro 
210 215 220 
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Leu Pro Pro Gly Phe Lys Leu Phe Ser Cys Pro Ser Leu Leu Ser Ser 
225 230 235 240 

Txp Asp Tyr Arg Arg Pro • Pro Arg Leu Ala Asn Phe Phe Val Phe Leu 
245 250 255 

Val Glu Met Gly Phe His His Val Arg Gin Val Asp Ala Arg Ser Leu 
260 265 270 

Asp Leu Val lie Cys Leu Pro Arg Pro Pro Lys Val I^eu Gly Leu Gin 
275 2B0 285 

Asp Val Thr Pro Thr Ala Arg Pro lie Phe Asn Phe Cys Leu Phe Glu 
290 295 300 

Met Glu Ser His Ser Val Thr Gin Ala Gly Val Gin Trp Pro Asn Leu 
305 310 315 320 

Gly Ser Leu Gin Pro Leu Pro Pro Gly Leu Lys Arg Phe Ser Cys Leu 
325 330 335 

Ser Leu Pro Ser Ser Trp Asp Tyr Gly His Leu His His Thr Pro Leu 
340 345 350 

He Phe Val Phe Ser Leu Glu Ala Gly Phe His His He Cys Gin Ala 
355 360 365 

Gly Leu Lys Leu Leu Thr Ser Gly Asp Pro Pro Ala Ser Ala Phe Gin 
370 375 380 

Ser Ala Gly He Thr Gly Val Thr Pro His Pro Ala Gly 
390 395 400 
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What Is Claimed Is: 

1. A method for detectii^ the presence of Neural Thread Protein 
(NTP) havixig a molecular weight of about 8 kDa, about 14 kDa. about 17 
kDa, about 21 kDa, about 26 kDa or about 42 kDa, in a human subject, said 
method comprisiAg: 

(a) contacting a biological sample from said human subject 
that is suspected of containing said NTP with at least one molecule capable of 
biDdii^ to said protein; and 

(b) detecting any of said molecule bound to said protein. 

2. The method of claim 1 , wherein said molecule is selected from 
the group consisting of: 

(a) an antibody substantially free of natural impurities; 

(b) a monoclonal antibody; and 

(c) a binding fragment of (a) or (b). 

3. The method of claim 1, wherein the detecting of any of said 
molecule bound to said protein is performed by in situ imaging. 

4. The method of clahn 1, wherein the detecting of any of said 
molecule bound to said protein is performed by in vitro imaging. 

5. The method of claim 1, wherein said molecule is administered 
to said human subject. 

6. The method of claun 1, wherein said molecule is bound to said 
protein in ww. 
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7. A method of diagnosing the presence of Alzheimer's Disease 
in a human subject suspected of having Alzheimer*s Disease which comprises: 

(a) incubatixig a biological sample from said subject which 
is suspected of containii^ NTP having a molecular weight of about S kDa, 
about 14 kDa, about 17 kDa, about 21 kDa, about 26 kDa or about 42 kDa, 
in the presence of at least one binding molecule capable of identifying said 
NTP; and 

(b) detecting said binding molecule which is bound in said 
sample, wherein said detection indicates that said subject has Alzheimer's 
Disease. 

8. The diagnostic method of claim 7, wherein said detection is by 
immunometric assay. 

9. The diagnostic method of claim 8, wherein said immunometric 
assay is a monoclonal antibody-based immunometric assay. 

10. The diagnostic method of claim 7, wherein said method 
comprises: 

(a) incubating said biological sample with two di^erent NTP 
monoclonal antibodies bound to a solid phase support; and 

(b) detecting NTP bound to said monoclonal antibodies with 
a third different detectably labeled NTP monoclonal antibody in solution. 

1 1 . The diagnostic method of claim 7, wherein said incubating step 
further includes adding a known quantity of labeled Neural Thread Protein 
whereby a competitive immunoassay is established. 

12. The diagnostic method of claim 7, wherein said detection is by 
immuno-polymerase chain reaction. 
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13. A method of diagnosing the ptesence of neuroectodeimal 
tumors in a human subject suspected of havix^ a neuroectodermal tumor 
which comprises: 

(a) incubating a biological sample from said subject which 
is suspected of containing NTP having a molecular weight of about 8 kDa, 
about 14 kDa, about 17 IcDa, about 21 LDa, about 26 kDa or about 42 kDa, 
in the presence of at least one bmdmg molecule capable of identifying said 
NTP; and 

(b) detecting said binding molecule which is bound in said 
sample, wherein said detection indicates that said subject has a 
neuroectodermal tumor. 

14. The diagnostic method of claim 13, wherein said detection is 
by an immunometric assay. 

15 . The diagnostic method of claim 14, wherein said immunometric 
assay is a monoclonal antibody-based immunometric assay. 

16. The diagnostic method of claim 13, wherein said method 
comprises: 

(a) incubating said biological sample with two different NTP 
monoclonal antibodies bound to a solid phase support; and 

(b) detecting NTP bound to said monoclonal antibodies with 
a third different detectably labeled NTP monoclonal antibody m solution. 

17. The diagnostic method of claim 13, wherein said incubating step 
further includes adding a known quantity of the corresponding labeled NTP 
whereby a competitive immunoassay is established. 

18. The diagnostic method of claim 13, wherein said detection is 
by immuno-polymerase chain reaction. 
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19. A method of diagnosing the presence of a malignant 
astrocytoma in a hmnan subject suspected of having a malignant astrocytoma 
which comprises: 

(a) incubating a biological sample from said subject which 
is suspected of containing NTP having a molecular weight of about 8 kDa, 
about 14 kDa» about 17 kDa, about 21 kDa, about 26 kDa or about 42 kDa, 
in the presence of at least one binding molecule capable of identifying said 
NTP; and 

(b) detecting said binding molecule which is bound in said 
sample, wherein said detection indicates that said subject has a malignant 
astrocytoma. 

20. A method of diagnosing the presence of a glioblastoma in a 
human subject suspected of having glioblastomas which comprises: 

(a) incubating a biological sample from said subject 
suspected of containing NTP having a molecular weight of about 8 kDa, about 
14 kDa, about 17 kDa, about 21 kDa, about 26 kDa or about 42 kDa, in the 
presence of at least one binding molecule capable of identifying said NTP; and 

(b) detecting said binding molecule which is bound in said 
sample, wherein said detection indicates that said subject suffers from a 
glioblastoma. 

21. A Neural Thread Protein (NTP) substantially free of any naniral 
impurities and having a molecular weight of about 42 kDa, 26 kDa, 21 kDa, 
17 kDa, 14 kDa, or 8 kDa. 

22. The NTP according to claim 21 , wherein the protein conq>rises 
the amino acid sequence set forth in S£Q ID NO: 121. 

23. An isolated nucleic acid m lecule coding for the NTP according 
to Claim 21. 



wo 96/15272 



PCTA;S95/17111 



- 177- 

24. The nucleic acid molecule according to claim 23, wherein the 
molecule conqxrises the nucleic acid sequence set forth in S£Q ID NO: 120 
which encodes the amino acid sequence set forth in SEQ ID N0:121. 

25. The nucleic acid molecule according to claim 23, wherein the 
molecule encodes the amino acid sequence set forth in SEQ ID NO: 121. 

26. The nucleic acid molecule of claim 23 which is a plasmid. 

27. An expression vector comprising the nucleic acid molecule of 
claim 23. 

28. A host cell transformed with the plasmid of claim 26. 

29. A method of using the plasmid of claim 26 to prepare an NTP, 
said method comprising: 

(a) introducing said plasmid into a host cell to produce a 
recombinant host cell; 

(b) culturing said recombinant host cell; and 

(c) isolating said NTP from said recombinant host cell. 

30. A nucleic acid probe for the detection of the presence of NTP 
in a DNA saniple from an individual comprisixig a nucleic acid molecule 
sufficient to specifically detect under stringent hybridization conditions the 
presence of the molecule according to claim 23 m said sample, wherein said 
probe is nonhomologous to a PTP nucleic acid sequence. 

31. The probe according to claim 30. wherein said probe is a 15- 
to 30-mer antisense ligonucleotide which is complementary to an NTP 
nucleic acid sequence and which is nonhom logons to a PTP nucleic acid 
sequence. 
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32. A method of detecting the ptesezxre of a genetic sequence 
coding for NTP having a molecular weight of about 8 kDa, about 14 kDa, 
about 17 kDa, about 21 kDa, about 26 kDa or about 42 kDa, in a sample, 
which comprises: 

(a) contacting said sample with the probe of claim 30 under 
conditions of hybridization; and 

(b) detecting the formation of a hybrid of said probe and 

said sequence. 

33. A method of producing an NTP having a molecular weight of 
about 8 kDa, about 14 kDa, about 17 kDa, about 21 kDa. about 26 kDa or 
about 42 kDa, said method comprising: 

(a) culturing a recombinant host comprising a human gene 
coding for said NTP; and 

(b) isolating said NTP from said host. 

34. The method of claim 33, wherein said host is E. coli, 

35. The method of claim 33, wherein said gene is contained by a 

vector. 

36. A substantially pure NTP havmg a molecular weight of about 
42 kDa. about 26 kDa, about 21 kDa, about 17 kDa. about 14 kDa, or about 
8 kDa obtained by the process of claim 33. 

37. A pharmaceutical composition comprising the probe according 
to claim 31 and a phannaceutically acceptable carrier. 

38. A ribozyme comprising a target sequence which is 
complementary to an NTP sequence and nonhomologous to a PTP nucleic acid 
sequence. 
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39. A nucleic acid molecule which codes for the ribozyme of 
claim 38. 

40. A phannaccutical composition comprising the NTP ribozyme 
of claim 38 and a pbarmaceutically acceptable carrier. 

41. A method for inhibiting the expression of an NTP in a patient, 
said method comprising administering to said patient an effective amount of 
the antisense oligonucleotide of claim 31. 

42. A method for inhibiting the expression of NTP in a patient, said 
method comprising administering to said patient an effective amount of the 
ribozyme of claim 38. 

43. A method for inhibiting the expression of an NTP in a patient, 
said method comprising administering to said patient an effective amount of 
the DNA molecule of claim 39. 

44. An oligonucleotide comprismg the sequence 3'X5'-L-5'X3', 
wherein X comprises an NTP nucleic acid sequence which is nonhomologous 
to the VTP nucleic acid sequence, and wheiein L rqiresents an oligonucleotide 
linkage* 

45. An oligonucleotide comprising the sequence 5'X3'-L-3'X5', 
wherein X comprises an NTP nucleic acid sequence which is nonhomologous 
to the FTP nucleic acid sequence, and wherein L represents an oligonucleotide 
linkage. 

46. A mediod to treat diseases or conditions mediated by the 
presence f an NTP having a molecular weight of about 8 kDa, 14 kDa, 17 
kDa. about 21 kDa, about 26 kDa or about 42 kDa, which method comprises 
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administering to a patient in need of such treatment an effective amount of the 
oligonucleotide of claims 44 or 45. or a pharmaceutical composition thereof. 

47. A ribonucleotide NTP external guide nucleic acid comptisiz^: 

(a) a 10-15 nucleotide sequence which is complementaiy to 
an NTP nucleic acid sequence and which is nonhomologous to the FTP nucleic 
acid sequence; and 

(b) a 3 '-NCCA nucleotide sequence, wherein N is a purine. 

48. A method to treat diseases or conditions mediated by the 
presence of an NTP havmg a molecular weight of about 8 kDa, about 14 kDa, 
about 17 kDa. about 21 kDa. about 26 kDa or about 42 kDa, which method 
comprises administering to a patient in need of such treatment an effective 
amount of the ribonucleotide NTP external guide nucleic acid according to 
claim 47, or a pharmaceutical composition thereof. 

49. A virion comprising the expression vector of claim 27. 

50. A method to treat diseases or conditions mediated by the 
abnormally low level of expression of an NTP having a molecular weight of 
about 8 kD^, 14 kDa. 17 kDa, about 21 kDa, about 26 kDa or about 42 kDa, 
which method comprises admiiustering to a patient in need of such treatmem 
an efiOective amount of the virion of claim 49. 
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51. A method of differendatiiig between sporadic and familial 
Alzheimer's Disease in a human subject, said method comprisiqg: 

(a) obtaining a biological sample from said human subject 
who is suspected of having Alzheimer*s Disease; 

(b) purifyii^ DNA from said biological sample; and 

(c) contacting said DNA with the probe of chum 30 under 
conditions of hybridization; 

wherein familial Alzheimer's Disease is indicated by the detection of a hybrid 
of said probe and said DNA, and 

wherein sporadic Alzheimer's Disease is indicated by the absence of detection 
of hybridization. 

52. An antibody having binding af^ty to the NTP of claim 21 but 
not to a PTP. 

53. A hybridoma which produces the monoclonal antibody 
according to claim 52. 
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FIG. 3 



wo 96/15272 



PCT/US95/17111 



4/52 




wo 96/15272 



PCT/US93/17in 



o 

z: 
=9 


150 


o 

CD 




CPM 


100 


|£ 




25-1 


0 



SH-Sy5y 



o 

^ 1251 



o 



75 



lo 25 



FROONS (mm) 

FIG,5A 



FRACTIONS (mm) 

FIG.5B 



5/52 





S 165H 



b tf5 



i£ 

T 
in 

CM 



65- 
15 



A172 




FRACTIONS (mm) 

F1G.5C 



W0 9W15272 




§ i50 
o 

s 100 



<5 50 



Huh 7 



A 



T 

2 ' 4 ' ■ 2i) 36 52 68 84 100 
FRACTIONS (mm) 



FIG.5E 



W09S/1S172 



PCT/DS95/171H 



7/52 




I- 

IxJ 



CO 
in 
ro 



Q- 
CL 
ro 



<7> in § 
£ Q> jc o> 
I- Q I— Q 



FIG. 6 



W096/1SJ72 



PCT/US95/171H 



8/52 




NQlOMd 6iu/aNno9 Hdo-em 



W09W1S272 



PCT/OS95/17111 




9/52 



FI6.8A FI6.8B 




F\G.eC FIG.8D 




FI6.8E 



FI6.8F 



W09fiaS272 



pcTnism7iii 



10/52 
l-9o T7 SEQUENCE 

Sequence Rmge: 1 to 1442 

0GCT6 OGOOC AQGCT G6CTC T06AA AGOCT GTGCG 6TCCT OGCAC GAAGC OOOGC 00GT6 €0 
cm GCm TC6TT CTGCT TCAGC MTM ATAAG GGTGA CCACA GG6AC TTTGC HTTG 120 
GTHC Cmc CTGTG AAAAG GHGC lUTk AAST6 A6ATA CtCH HCOG TAGM CAACT 180 
CTTCT ATCn TAAAA ACCCA AATTG CAtXlA COGTG GAHA CTGGT CTCAG AACAA CTCAT 240 
TGCGC ATCAC ATnC ACTCT CTGAT mCT GTCTA TIOCC CMAT TGCCC HTAA CTGCA 300 
CCTGA ATCCT HGTG TACTG ATGCC niGA GCTGG GCAOC TTGGG AGAGT GTTGT GHGC XO 
TCm ACGGT TCnC CTTCC CCTTG CTAAT TACAG TCTCT GCTGC CCAGC AACCC CCTTT 420 
GGCn CCTTC CGIGA CTGGT CAOGT TGTCT GttTG GGCTC AGCGT GGACC TGCCC CATGC 480 
TGCAG AACCT CGCCT CACCT GGACT TnAC T/CAA TTGCC AGCTT CTCAA CTTAC CACAT 540 
CATCA CTCAT GCGGC CACAA GCAAA GATCA ACACT nCTT TTTTG GTAAG CHGA GTTTT 600 
ACAAG TTATT TTTTG GTGAT GCGTA AGACA TTGW GTGGG AAACC ATTCA ACTTG AGTTI 660 
ATTGG AGTn GCTCT TGTAG CAGGT TTTAA CTCAG CAACA ACTCT TGTCT GATCT CTCGC 720 
CCCTC TGCOG GGACT ACATT ACTGT CTCTC GGAGC OQGTA GCGTT GCTGT CGAGT CCCAG 780 
GACTA TCTCT GCAGA CTGCT ATGCT CAGAT CGAAG TATTT CACAA GAATA CTrGT GTHT 840 
TAACA GCCCT TCCCC TGGAC GGTGC GCCAT GAGG6 CCTCA TCHA CGCAT TGCCT TTTCT 900 
TTCTG TGGAT CCAGT ATCTT CCTCG GCTTT TTAOG GASCA GGAAA AATGC GTCTG AGASC 960 
AACTC TTTTT AAAAA CCTGC CCTGT TGTAT ATAAC TGTGT CTGTT TCACC GTGTG ACCTC 1020 
CAAG6 GGGTG GGAAC TTGAT ATAAA OGTTT AAAOG OGCCA OGATT TGOTC GAGOG TTACT 1080 
CCTTT GCTCT CACCT TGTAT GGATG AQGAG ATGAA GCCAT TTCTT ATCCT CTAGA TGTGA 1140 
AGCAC TnCA GTTTT CAGCG ATGTT GGAAT GTAGC ATCAG AAGCT CGTTC CTTCA CACTC 1200 
AGTGG CGTCT GTGCT TGTCC ACATG CGCTG GGCGT CTOGA CCnC AATGC CTGCC CTGGT 1260 
TGTGT GGACT CCTTA ATGCC AATCA TTTCT TCACT TCTCT GGACA CCCAG GGCGC CTGTT 1320 
GACAA GTGTG GA5AA ACTCC TAATT TAAAT GTCAC AGACA ATGTC CTAGT GTTGA CTACT 1380 
ACAAT GTTGA TGCTA CACTG TTGTA ATTAT TAAAC T6ATT ATTTT TCTTA TGTCA AAAAA 1440 



WP5' SEQUENCE 

Sequence Range: 1 to 313 

GATCC CGTTT GACAG GTGTA CCGCC CCAGT CAAAC TCCCC ACCTG GCACT GTCCC CGGAG 
COGTC GOGCC OGOGC GAOCA OOGAC QCTG GGCGC CAGAA GCGAG AGCCC CTCGC TGCCC 
CCCGC CTCAC CGGGT AGTCA AAAAA CGATG AGAGT A5TGG TATTT CACCG GCGGC CCGOG 
AGGAC CCCCG CCCGA CCCAG TGCGG AACGG GGG 



FIG.9A 



W09fi/lSJ72 



PCT/DS95/17111 



11/52 



9A»I-U 



5 10 15 20 
ikx GlgGo TIA-C t^tO 
CAnCOICCTUGCATGGC 



[ 386 1 



Himn-flP 



9A*l-n 25 30 35 40 45 50 55 60 65 70 75 

{ 386 ] oCAoC ICATl QcgCA T-CoC ATlTo CTctC TCAIl THCT CTCTo llgGC CAltO 

Kuxvt-PTP TCACA OCAGC TCATA CHCA TGCIG ATCTC CTOCC 1GAT6 TTTCT GTCTC KtX CAAGG 

9A*I-T7 85 90 95 too 105 110 115 125 130 135 140 

I 386 ] CCcll looCl gcocC IGA-o TcCll IglGt oCtGA TCcll TGogC IG-G GUOC -lTG-> 

Hunon-PP OM^ imX (%«C AGAGT TGCCC CAGGC OCTCA TCA^ 

9A*I-T7 145 150 155 160 165 170 175 180 165 190 195 

( 386 1 ggAgo G-I-g TlgTC ITgCT -^Tn.AcgCl tcllC cT-lc cCCTl GcToo lIoCA G-TCT> 

Hii«iiH>TP CTATC GCTCC TACTG CTACT ACHT AATGA KKC CTGAC ACCTG GGTTG ATGCA GATCT 

9A«1-T7 200 205 210 215 220 225 230 235 240 245 250 255 

[ 386 ] CTggT GCCM: cA-Ag ccccT UOGC tlCa IccGT gocTG gTCAC gtlCt ClGcc IGgGO 

HuHBi-f TP CTATT CCCAG AACAT GAATT OOOGC AACCT 06TGT CTGTG CT Q C CCACG C06AG GGTOC 



9A*I-T7 260 270 275 280 285 290 300 305 310 315 

[ 386 ] CogcG TGOCC cCA-T GcTgc A-GAo ccIGG C-CTc AgGAC TTtlc ocT-o CoATT GcOCT> 

HuDum^TP CmC TGGCC TCACT GATTA AOGAG AGTOG CACTG ATGAC TTCAA TCTCT GGATT GGCCT 

9A*l-n S& 330 335 340 345 350 355 360 365 370 375 

( 386 ] tCcTc A-oCl lAgcA GAlCa llCcC Tcolg CgQGc dCA-a Gcoao goTco oCoCt TlC-l> 

Htnon-PTP CCATG ACCCC AAAAA 6AACC GOCGC TOGCA CTGGA GCAGT GGGTC OCTGC TCTCC TACAA 

9a-l7 to 15 20 25 30 35 40 45 

[ 180 ] ITCCT tqU cAsiC -gClT cTnlC T-TTA A-AA -Accc oqATT> 

H REG GQC TT CTCCT ATAGA UHG TTGAT nCOC TCHA AGCAA GAGAT TCAU 

9o-l7 SO 55 65 70 75 80 85 90 95 tOO 105 110 
[ 180 ] GCAGC oCcGC tgGlC TCA^ oCAoC TCATl gcgCA T-CoG ATtTo CTclC TGATl TnCT> 
H REG GQ£ CCAGC TCAGC ATGGC TOCA CCAGC TCATA CHCA TGCTG ATCTC CTGCC TGATG THCT 

9o-l7 115 120 125 130 135 140 145 150 155 
( 180 1 GTCTo lllGg CcAoo T-lGc cCT-T TTooC IgCAc ClgAo TCTTT> 
H REG GENE GTCTC AGACC CAAGG TAAGA TCTCT TTTCC ACCAA CCAAC TCTTT 



FIG.10 
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EX0N2 



5 10 IS W 
{Ac cGl^ oTlA- Cl^l 
(AT TOCflG CTCK CATQG 



25 X 
CTCA6 AoCAO> 

ctcdcaocn; 



SA*l-n 3540 45 S055 60 657D7580 
( 130 ] CICAT IgcgC AT-€d GATtT oCTct CI»T tmc TGICT ollgG CCAA> 
EX0N2 CICAT ACnC ATGCT CATCT CCTOC CTGAT GTTTC IGTCT CKK CCAA 



HfiECGQCS05S60 65 70 75 80 85 95 100 
[ 136 ] IG-gG otgoC HXcl -IGoG C-CAC C-AcA -ccA qgOCC oT-Co TCAGt lloU TAAAO 
VPQH T7 OGTAG CCAGC AOGH CAGTC CTCAC OGAAA GTAAA ATCCC CTCCT TCAGC AAGAA TAAAG 

H REG GDC 105 110 115 120 125 130 
[ 136 ] oAAsA oAoAC CHAo ooT-t glTAg GcAA- ATA> 
mi-i 17 CAATA TACAC CTTAC CHCC ACTAA GTAAC ATA 

1IF03 8SP 120 lis 110 105 100 95 90 85 80 75 

( 108 ] <CTT-< TgTGo gTCTc AAlll glla TTCIT gCoAC CT-G IcTCG -TgA- AlCtC 

EXQN2 GTTGA TTTGC CTCTT AAGCA AG/IGA TTCAT TGCAG CTCAC CATGG CTCAG AOCAG 



W03BSP 70 65 60 55 50 45 40 35 30 
I 108 ] <lTggT eCcTC IglCT CcToT ICTGl CTG-T cTgTo TGTCT -G-l CCAtG 
CX0N2 CTCAT ACHC ATGCT GATCT aiGC CTGAT GTTTC TGTCT CM»C CCAAG 



HREG CEtC 
[136] 



5 10 15 20 25 30 35 40 45 
<i oAlTc cTGgg cTCAo GlgAt CCTC- TCdtG coCTC TCC- CA-oA ql-CO 
G GACTT T1GTC ATCAC GOCAG CCTCA TOCCG AGGTC TCCTC CACCA TTGGC 



FIG. 1 0A 



WOW15272 



PCT/US95/17111 



13/52 



ilD3-4-296 260 255 2S0 24S 240 235 230 

[ 112 ] CflCU CcoAo MT- -Ool UWW -oAo lllCg gTlC- -ClCg 

AD3-4-29e 22S 220 215 210 205 200 195 190 185 180 175 170 

[ 112 ] <oCClC -ggAg C-oGo AcccA Acclc CGAgc AGtoc A-TGc TAogo CllCo cCoGl CoooG 

HPS' 4/93 mCTUC COST AGTUAAAAACSATG /CAST AinOGTAmCim^ 

A0>4-296 165 160 155 150 145 140 135 130 125 120 115 

[ 112 ] <-cGA- oCgU ClolA ClCAo T-IG AlCco oloAc TlGoC CoooG Goaca AgHA ccCTA 

VPS' 4/93 A(XMC CCOOG CCOGA OCCAG TGCOG AAOGG GGGAC TAGTC COOGG GGCTC ACTTA TTCTA 

AIXH-296 105 100 95 90 85 80 75 70 65 60 55 SO 

I 112 ] <lAocA &X:gC Aolcc lAtlC TAGAG TCcAl oTCAA CAOOG TtToC gocCl CGoTG -TTgg 

HP5' 4/93 CATTA GTCTC AOGTG CAGAC TACAC TCAAG CTCAA CAGGG TCTTC TTTCC OOCTG ATTCC 



AD3^296 45 4B 

[ 112 ] <otCAg GoC 

BPS' 4/93 GCCAA GIG 

AD2SP6F 10 15 20 25 30 35 40 45 SO 55 60 65 

[ 504 ] AG-Tt TCoCr CTGTl gCCCA GGGTG gAGTG CAoTG GCoCA ATCcl GGCTC ACTGC aAcCT> 

1-9AT7-3 3 AGATC T06CT C1GTC ACOCA OKTG AAST6 CttTG GQOCA ATCTC OTCTC AGTOC GAOCT 

AD2SP6F 70 75 80 85 90 95 100 105 110 115 

( 504 ] CCgCC TCCCG oGcTC Aogco AnCT CCTGC CTCA- -tCCT C-« ^TGA GccOC TGGGA> 

1-9AT7-3 3 CCACC TCCCG GGHC ACHC ATTCT CCTGC CTCAC TGCCT CAGCC TCTGA GTAGC TGGGA 
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Ifi4-SEQ SEOENCE 

Gm^omKfKtkmcOiKmaumMCAcmmimck^^ go 

AT/CT CTTCA ATCAG CCACA TilOOC CTOGT AGTAA CASOC ATTCT CATOC AAAOC OCCIC 120 

AAGCr TCAOC OOOGC AGTCA TTCTC ATAAT OXXC MSOG CHAC ATCCT CATTA CTATT 180 

CIGCC TACCA uaC AAACT AOGAA OGCAC TCACA GTOOC ATCAT AATCC TCTCT CAAGG 240 

' tent AAACT CTi£T CCCAC TAATA GCm TTGAT GACTT aAGC AAGCC TCGCT AACCT 300 

OGCCT TAOCC CCCAC TAHA ACCTA CTGGG AUAC TCTCT GTGCT A5TAA CCAOG TTCTC 380 

CTGAT CAAAT ATCAC TCTCC TACTT ACAOG ACTCA ACATA CTACT CACMS OCCTA TACTC 420 

OCTCTACATATnACCACMCAUATGGGGCICACICAXCAOCA CATTA ACAACATAAA 480 

ACOCT CAHC ACADG ACAAA ACACC CTCAT GUCA TACAC CTATC CCCCA TTCTC CTCCT 540 

ATCCC TCAAC CCOGA CATCA HACC 0G6TT TTCCT CTTAA AAAAA AAAAA AAAA 590 

164 PROTEIN 

EAm UmiP HNIP KIAHC PHSPR SNSHS tfrn laMS SH9^ 60 

LPSKL KLRTH SQSW NPLSR TSNST PTNSF LUTSS KPR 95 
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NB4SEQ 

[ 440 I — AToO 

Huonn-^TP ATGC 

164-SEQ 15 20 25 30 35 40 45 SOS5 60 65 
I 440 ] C-AT- GCTCC olCTG C-CT ACgoc AA-<c AGACC -T-A- AooTc GcTco ITCCA lArCT> 
HuBon-PTP CTATC GCTCC TACTG CTACT ACTH AATGA AMCC GTGAG AOCTG GCTTG ATGCA CATCI 

m^Q 70 75 80 85 90 95 100 105 110 115 120 
[ 440 ] CTlco atCAG cOT -Agcc Clc&- tAglo acoG- CcaTt CTCAt OCAoo OCccc I6«i9> 
HuBxm-fTP CTATT COCAG AACAT GMTT COOGC AACCT GGTGT CTGTG CTCAC CCAGG COGAC G6TGC 

»fi4-SE0 125 130 135 140 145 150 155 160 165 170 175 
I 440 ] CTTco ccGgC gCAgT cATT- clcAt AoTcG C-Cco cgGgC TTocA T-cCT -cATI octflT> 
Hunon-PTP CTHG TGGCC TCACT GATTA JWG ACTGC CACTG ATGAC TTCAA TCTCT GCAH OGCCI 

1B4-SE0 180 185 190 195 200 205 210 215 220 225 230 235 
[ 440 ] IC-TG cCoqC AAAcl cAAoC loCGo ocGCA CT-cA -CAGT cGcol CoToo TCTCl clCAA> 
HuBion-PTP CCATG ACCCC AAAAA GAACC GCCGC TGGCA CTGGA GCAGT GGGTC CCTGG TCTCC INM. 

ffi4-SE0 240 245 250 255 265 270 275 280 285 290 295 300 305 
[ 440 ] GgaCT ^tcoa AcTcl AclCC CAAX ItTGT gAcTt CToGC oACcl cGctA oOCTc gOCTl> 
Hunon-PTP GTCCT GOQQC ATTOG AGCCC CAAGC AGTGT TAATC CTGGC TACTG TGTGA GCCTG AOCTC 

tfi4-SEQ 310 315 320 325 330 340 345 350 355 360365 370 
[ 440 ] AccCc CActA Hooc clAcT GGgAC oATGT G-CTo GT-AA -cCAc GTTCT CCTTc oooTO 
HuDon-PTP AACCA CABGA HCCA GAAAT GGAAC GATGT GCCTT GTGAA GACAA GTTCT ccHT GTCTG 

1fi4-SEQ 375 380 385 390 395 400 405 410 415 420 425 
{ 440 ] tcAcT ctcct AclTA cAOG- A-GT- cAAcA TAClo GTCcA GccCT -AToC tcCcl cTACA> 
HuKBi-fTP CAAGT TCAAA AACTA GAGGC AGCTG GAAAA TACAT GTCTA GAACT GATCC AGCAA TTACA 

NB4-SEQ 430 435 440 445 450 455 460 465 470 475 480 485 
[ 440 ] tolll ocCAc AAcQC AAtgg GGclC A-CTC oOCcA C-CAc oTlAA CCalo AoACc CTCoT> 
Hiaan-fTP ACGGA GTCAA AAATT AAACC GGACC ATCTC TCCAA CTCAA CTCAA CCTGG ACACT CTCTT 

Ifi4-SEQ 490 495 500 505 510 515 520 525 530 540 545 
[ 440 ) -TCoc ocGAC -oooo Coccc TcATg TTC-A TAcoc cTA- TcCCC CAITC Heel AlCCO 
Humon-PTP CTCTG CTGAC THGC CHGT TAATC TTCAA TAGTT TTACC TACCC CAGTC TTTGG AACCT 

1B4-SE0 550 555 560 565 570 575 580 585 590 

[ 440 ] TcAAc cccgA cAlcA AcCgg GTTTC CtCTl AAAAA AAAAA AAAAA A> 

Humon-PTP TAAAT AATAA AAATA AACAT GTTTC CACTA AAAAA AAAAA AAAAA A 
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HRECGOC 2260 2265 2270 2275 2280 2285 2290 2295 2300 2305 

[ 284 ] C ITcTT -TllC AgGC- CoAgo gCOCc A-GAC AgAgl IgOC- ccAgg CcCgg ATcag> 

)S4-SE0 C GTAH ATACC ATGCT OCATC TGCCT ACGAC AAACA GAOCT AAAAT CGCTC AHGC 

HRE6GEN2310 2315 2320 2322330 2335 2340 2345 2350 2355 2360 2365 2370 
I 284 ] cTgCc CogoA ggCAc CoACc TAlCg CTCcT AcT-g ClaCl AcTlT oATgo AgACC gC^oO 
Ifi4-SEQ ATACT CHCA ATCA6 OCACA TAOCC CT06T AGTAA CAGOC AHCT CATOC AAACC CCCT6 

H REG cere 2375 2380 23852390 2395 2400 2405 2410 2415 2420 2425 2430 
[ 284 ] -AcCT gggtl GotGC AGTgl gogTg AggAg oGCgl glOOG oaggg AgoCT CATgA -ogg9> 
»fi4-SE0 AAGCT T OCC GGCCC AGTCA TOTC ATAAT CGOCC NXXX CHAC ATCCT CAHA CTATT 

H REG GENE 2435 2440 2445 2450 2455 2460 2465 2470 2475 2480 2485 
[ 284 ] ogGgg oAGC- tgC-C ActCT -CcAg tGtgt TCAgt GgOGC Aalgo gAT-g agoCT gAAcO 
NB4-SE0 CTGCC TACCA AACTC AAACT AC6AA GGCAC TCACA GTOGC ATCAT AATCC TCTCT CAAQG 

H REG GENE 24902495 2500 2505 2510 2515 2520 2525 2530 2535 2540 
[ 284 ] cCm AlACT oTcoT CogcC ccA-A oCTH ccoAT -CTo CT— t lAlCC -ColT AllCo> 
»fi4-SEQ ACTTC AAACT CTACT CCCAC TAATA GCTTT TTCAT GACTT CTAGC AAGCC TCGCT AAOCT 

HREGGEIC2545 2550 2555 2560 2565 2570 2580 2585 2590 2595 2600 
{ 284 ] gcoCo TICCC ogCAC oAagA ACCTg gTOGG IG-AC ogcoT cotC- AcggA Cot la cTCTg> 
HB4-SEQ CGCCT TACCC CCCAC TATTA ACCTA CTGQG AGAAC TCTCT GTGCT AGTAA CCAOG TTCTC 

HREGGEN2605 2610 2612620 2625 2630 2635 2640 2645 2650 2655 2665 2670 
[ 284 ] CTG-T CcllT tTCAC cCTCC T-CH ggAOG ACTCA glATA IccGT CACAo CCCTc cACTg> 
HB4-SEQ CTGAT CAAAT ATCAC TCTCC TACTT ACAGG ACTCA ACATA CTAGT CACAG CCCTA TACTC 

HREGGErC 2675 2680 2685 2690 2695 2700 2705 2710 2715 2720 
[ 284 ] ogTCT cCAT- TTT-C IIC- IgCAA co-G CTClo T-tgC CAgoA CATgA A-UC gggcA> 
HB4-SE0 CCTCT ACATA TTTAC CACAA CACAA TGGGG CTCAC TCACC CACCA CAHA ACAAC ATAAA 

H REG GEH 2725 2730 2735 2740 

[ 284 ] A-CCT -ggTg IC-IG IG-c ICACC O 

HB4-SEQ ACCCT CATO ACACG AGAAA ACACC C 
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SE-RT/ PCR CLONES 

SE SE SE SE SE SE SE 
(1) (2) (3) (4) (5) (6) (7) 
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AD2-2 T7 

€TTCT TASTC TATCT CTTGT ACAAA OGATG TGCU TGAA6 ATGH ASTGT ATAAC AATTG 60 
ATCn IGTH TCIGT TTGAT THAA ACAGA GAAAA AATAA AAGGG GGTAA TAGCT CCUT 120 

mcT Tcm cmr mn hcat now aahc crccc actgt tttca atgta ggaca leo 

ACAGA GGGAT ATCCT GTACA CTGH HTAT IOOCT AGHG ACAAA OCTOC TmC AATGC 2W 

ma ma attcc thgc acatc aogac atht ataat catag ttaaa togta tatga 300 

CAAAA ATGCT CTGAT CTGAT GOCAA AG6TC AAHC AGTCT ATATA AXTG AACAC ACTCA 360 
TCCAT TGCGT Tl 372 

AD2-2 n PEP 

IfVFC LILNR EKIW; GMSSF FLISF FFSFO NCCQC FQCRT TEGYA VECFY CLVDK AAFK 60 
WnSFDT 

FIG.16A 



AD2SP6F 



ACTGT CTCCC 
TTAAG AATTA 
CTGASGGGG6 
ACCCC ATCTC 
GCGGCTCAOG 
AGOCAGt^n 
AAAAAAAAAA 



CCTH GATAG 
AAATC GTCTC 
CGGATCACCT 
TACTA AAAAT 
AGGCTGAGGC 
6TGCC ATTGC 
AAAAAAA 



OGACA CTAAA GTOGT CTGTA CTTG6 GTACA G6ATG GCANS 
CGTGC GCTCT GCACG CHGT AATCC CAGCA CTTTG GGAGC 
GAEGT CAGGA GHCG ACACC AOOCT GATGA ACATG GAGAA 
ACAAA TAHA GCTCG GCGTT GTCGC GCGCC TGTAA TCCCA 
AGGAC AAHG CTTGA GCTOG GGATG GOGGA G6TT6 CAGTG 
ACTCC ACCCT GGGCA ACAA5 ACT6A AACTC TGTCT CAAAA 



60 

120 

180 

240 

300 

360 

377 
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AD^2 SEQUENCE 

GCGTAAACAC ATTmCTTC TTAGTCTATC TCnCTACAA AOGATGTGCT TTGAttATGT 60 
TACIGTATM CAATTGATGT TTGTnTCTC TTTCATnTA AACN»CAAA AAATAAAAOG ]20 
GO^AATAGC TOCrrmTC ncmcm GATmAAAC A(MGAAAAAA TAAAAGG^ 180 
TAATAGinCC TTimcnC TTTCTTTTn nmrCAn TCAAAATTCC TGtt«rcn 240 
TT(MTGATG GACAACAGAS OGATATGnC TAGAGTCm TATTOOCTAG TTGACmC 300 
T0CTTT6AAT CCTGGTGGn CTAnCCm GACACTAOOC ACTTTTATAA TACAICHAA 360 
TGCTATAXA CMGATGCTC TCAHOCTGA GTGCCAGAGC TTCAATTCAG TGTATATAAC 420 
TGAACACACT CATCCATTTG TGCTTTIBIT TTTnTATGC TGGCTTAAAC CTAAAGACCC 480 
CATCCrnCC AAGTCATCCA ICTTCnACT TAGGCAmi ATCTTGGCTC AAATTGHGG 540 
AAGAATGGTG GCTTGTnCA TGGTTnTCT ATnGIGTCT AATGCACGTT TTAACATCAT 600 
AGACGCAATG CATTGTGTAG CTACnTTCT GGAAAflSTCA ACTCTTITAG GAATTCniT 660 
TCAGATCITC AATAAATTTT TTCmAAAT nCAAAGAAC AATCTGCTTG TGTTGATGCC 720 
TTACAAAAAC CATI6TATAT TTGTGTATTC CTICTT6TAT nACACAGTG GTTmCAGG 780 
TGCGTGCTTI CnnCTGGT ATGGCCnTA TCGAATCAM CGCTIIAGCT TTGGTACGTA 840 
GCGCTAATCC ATAGCAGCTT TGGCAGTTTC CTGTCnCAC TCTTAGCTAA AAAGHAGAA 900 
GTTTACATGA CTGimTTT lAHTTCCCT AAAnATTAC TTACTCTGAC CATIAATTAA 960 
GGGCATmc ACCTGTCTAA AAHATGCTC AGCTTnnC TCTCIATAAT TGmACTTT 1020 
TCTGGGmA CTCTAGAAAC AT6AKCAAA AAT6TCAATA GACAACACAG TATTAAAATA 1080 
ACOCAAAAGT TGTAAAGOGC AACGTnCTC CCCTTTGATA OGGACACTAA AGTG6TCTGT 1140 
ACTTGOGTAG AOGATGGCAG AOGTTAACAA TTAAAATGOG TCTOOGTGCG GTCTCACGCT 1200 
TGTAATCCCA GCACmOGG AGGCTGAGGC GGGOGGATCA CCTGAGGTCA GGAGHOCAC 1260 
ACCAGCCTCA TGAACATGGA GAAACCCCAT CTCTACTAAA AATACAAATA TTAGCTGGGC 1320 
CTTGTCGCGC GCCTGTAATC CCAGOGGCTC ACGAGGCTGA GGCAGGAGAA TTGCHGAGC 1380 
TOGGGATGGC GGAGGTTGCA GTGAGCUGG ATTGTGCCAT TGCACTCCAG CCTGOGCAAC 1440 
AAGAGTGAAA CTCTGTCTa AAAAAAAAAA AAAAAAAAAA 1480 
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A03-4 SEQUENCE 

ttggglgoggtggo 

AT6AT O GTCT GTTGG MTCG CniC GTAAA TGGCT TTATT TCATA TCOGC TATCT TTAAC 60 
TnOC ACCGC GHAT CTATA TCATG GCGH CCm CTACT TTHA ATAU GCTTC GTATT 120 
ATATC GUCC TGAH GGGGA TATGG AAGAC GTATT ACTTA AUGT ACTH AHGA AAOGT 180 
TOCTC T0G6T HOGA TTCIG GOOGC TTTGG TdOC TOGAT GGAH CTTGT CGATT HCTC 240 
GT6TG GCAGT AACAT ACOGT TTTAT CAOOC HCTA AATAT CCCAT CTOOC GCT6T TTGGT 300 
AGOCT OOGAA CACTA TOGAC CAACA GGHC TATCT AGAAT CAAGT TGGAA AHAA AOOGT 360 
GTCTTGC 367 



AD3-4 PROTEIN 

»*WCW (flFGK WYFI SAIFN FGW LYHGV PFYFL ILVRI IffLl GDtfO VLLNC TLLKR 60 

SSRFR nCAL VCSIO SCRFS RVAVT WIT LLNIP SPAVW VWRNT IDQQV LSRIK LEIKR 120 

a 122 
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AD3-4T7 

CCCAC AGGTC CTAAA CTACC AAACC TCCAT TAAAA AATTT COGTT GGTCG ACCTC GGAGC 1180 

A5AAC CCAAC CTCCG ACCAG TACAT GCTAA GACH CACCA GTCAA AGCGA ACCTA CTATA 1240 

CTCAA TT6AT CCAAT AACTT GACCA AOOGA ACAAG HACC CTAOG GATAA CAGCG CAATC 1300 

CTATT CTACA GTCCA TATCA ACAAT AQG6T HACG ACCTC GATGT TG6AT CAGGA CATCC 1360 

C6ATG GTGCA GOOGC TAHA AAGGT TOGTT TGHC AAACG AHAA AGTOC TOGTG TCTGA 1420 

GnCA GACOG AA6TA ATOCA GGTCG Gmc TATCT TCHC AAATT CCTCC CTGTA CCGAA 1480 

ASGAC TAATG AGAAA TAAOG CCTAC TTCAC AAAGC GGOCT TCOOC OGTAA TGATA TCATC 1540 

TCAAC TTAGT ATTAT AOCCA CACCC ACOCA AGAAC AGG6T TTGTT AAAAA AAAAA AAAAA 1600 
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ADWSP SEQUENCE ^^^^^ 

AACCCACTCC ACCTTACTAC CAGACAACCT T/IGCCAAACC AniACCCAA ATAAA6TATA 60 

GGOGATAGAA ATIGAAACCT GGOGCAATAG miKTia GCAAG6AAA6 ATCAAAAATT 1^ 

ATAAOCAASC ATAATATAX AAG6ACTAAC OOCTATAXT TCTGCATAAT GAATTAACAT 160 

OMTAACn T(»mACA GCCAAATCTA AMCOCOX^ 240 

AACAOCTAAA AMGCACACC 6TCATTGTAT OGCAAAATAG TCGGAAGAH TATAG06TAC JOO 

AGOGOGACAA ACCATCOGtt OCTTGTGATA GCIGGTTGTC CAACATA6AT CTTACnCAA 360 

CCmAATn GCCACACAAC C ^. ^ , ^ . 381 

FIG.16J 



AD3-4T7 SEQUENCE 



TTnimn TrniAACAA ACCCTGTTCT TGOCTGGGTG TGGGTATAAT ACTAAGTTGA 60 

GATGATATCA TTAOGGOGGA AGGC06CTTT GTGAAGTAGG CCTTATTTCT CATTAGTCCr 120 

nCGGTACAG OGAOGAATn GAASAAGATA GAAACOGAX TGGAHACn OOGTCTGAAC 180 

TCA6ACA0GA GGACinAAT OGmCAACA AAOGAAOCn TAATASOOGC TGCACCAT06 240 

GGATGTCCTG ATCCAACATC GAGGTCGTAA ACCCTAnCT TGATATGGAC TCTAGAATAG 300 

GAHGCGCTG TTATCCCTAG GGTAACHGT TCCGnCGTC AAGTTATTGG ATCAATT6A6 360 

niACTAGIC OGCnCGACT GGTGAKTCT ACAATGTCCT GITCGGGOGT TCGTTICTGC 420 

TCCCAGGTOG CCCCAACCGA AHmTATT GAAGGTTGGG TAGTTTAXA CCTGTGGGn 480 

GGTAAGGTAC TGTTOGAAn AATAAATTAA AGCTOCATAG G6TCTCCT06 TCnCTTGTG 540 

TAATGCOXC CTCTCCACGG GAAGGTCAAT TCCACTGGTT AAAAGTAAGA GAAACCTGAA 600 

CCCTCGGG6A GCCATCCATA CAGGTCCCC 629 
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AD4-4 SP6 SEQUENCE 

Sequence Ronge: \ to 255 

GOSOG TAAAT IGGTI TGTTA miT TAAAA AAAAC TTGCA TGTTT AAAAA AMGT TGAU 60 
GCnC AAATT TCTGC TACTA ACnC AAGCT ATGOG AGTTT GGCAG TAfiTC ACTTG ASGAT 120 
TTTTT TTCCA AnCT mCT TniG TTGTT AAAOC TGTAC TTCAG TGAAC AGAAA AAHG 180 
CCAAG CAAAC 1AATG GACTA TAAAG CGTAA HTGA CTGTG TGGGA CTAAA CTACA GAGCC 240 
TACTT GACCA GTGGA T 256 
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AW-4 T7F SEQUENCE 

Sequence Ronge: 1 lo 270 

CATGT HAM AAAAA GTIGA TTGCT TCAAA HACT GCTAC TAACT TCAA6 CTATG GGA6T 60 
TTOQC /6TAG TCACI TGADC ATTTT TTHC CAATT CCm TCAn niGT TCnA AAGCT 120 
OGTAC nCAG TGAGA CACAA AAAH OCCAA GCTAA ACTAA TGCTC TATAA AACOG TAI^TT 180 
TGCAT GTGTG OGCAA AAACT ACAGA GCCTC AATTG CCACT GAXT ATAGT ACAAA GHn 240 
AATAC Aim GTAAA TCAAA HGAA AGAAA 270 

FIG.16M 



ADM SEQUENK 

CATCnTAAA AAAAAGTTGA TTGCTTCAAA TTACTGCTAC TAACTTCAAG CTATGGGAGT 60 
TTGCCAGTAG TCACTTCAG6 ATmniTC CAAHCGITT TCATTinCT TGTTAAAGCT 120 
CGTACnCAG TGAGACAGAA AAAHGCCAA GCTAAACTAA TGGTCTATAA AAGOGTAATT 160 
TGCATGTGTG GGCAAAAACT AWGAGCCTC AATTGCCACT GAKTATABT ACAAAGTTTT 240 
AATACATTTT GTAAATCAAA TTCAAAGAAA 270 

FIG.16N 



AD16c-n 2QUENCE 

TCTGC CCAG6 CT06T CTGAA ATTOC TGOGC TGAAS T6ATC CTCCA GTCTT OGOCT CCCAA 60 
ACTGC TGOGA TTACA GGCAT GAGCT ACTGA GCCTA GCCTT AATGA TTAAT TnAS ACTGA 120 
TGGCT TGTAC CTTCA AGACA CATAT AGATT GAGAC AGAAA ATTTC CATCG TCCCC GAGAA ISO 
AAGT 184 



AD16C-T7 PEP 

5 10 15 20 25 30 35 40 45 50 55 60 
SSSLG IPKCW DYRHE LLSLA lyiNF RVMAC TFKQH lELRO KISIV PRKLC CMGPV CPVKI 

65 70 75 
ALLTI JOCT WLPAS 
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AD10-7 SEQUENCE 

nTTTnnr gagatggagt nroGCTcn gtigcccagg ctggactgca atggcgcwt 6o 

CTCAGCTCAC OKAAOCTOC G0CTCC0G06 TTCAAGOUT TCTCCTOOCT CAGOCTCOOC 120 
AGTAGCIGG6 ATTACAOGCA T6T0CA0CAC GCTOGGCTM TTTTGTATn TTinTASTA m 
GMIATGGtfT nAACTCCAT GTTGGTCAG6 CTGGOSA ACTCOOGACC TCAGATGATC 240 
TOXSTCTOC GCCTGCOCAA ACTGCnMCA HACUGCAT (MOCCACCAT GCCCGGOCTC 300 
TGCC1QGCTA ATTTnCTOG TA6AAACAG6 GTT1C/ICI6A TGHGCXAA GC1GGTCTCC 360 
TGAGCTCAAG CACTOCACCT GOCTCAGOCT OOCAAACIOC TGGGATTACA GGOGTCitGOC 420 
GTGCCTGGCC niHAnn ATnTTTTTA AS/ICACAOGT GTACCACTCT TACCCAXAT 480 
GAAGTGCAGT GGTGTGATCA CAGCTCACTG CAGCCHCAA CTCCTGAGAT CAAGCAATCC 540 
TOCTGCCTCA GOCTCOCAAG TAGCTGGGC CAAAGACAT6 CAOCACTACA OCTGGTAAn 600 

niAmnA nmAAm nrcACACAfi astctcactc tgtc«»cac gctggastgc 660 

AGTGCCGCAA TCnCGCTCA CTGCAACCTC TCCCTCCCGG CnCA«TTA TTCTCCTCCC 720 
CCAGCCTCCT GAGTAGCTGG GACTACACGC GCOCACCAOG CCTAGCTAAT TnTTTGTAT 780 
TTTTACTA3A GATGGGGnr CmTGTTC GCCAGGnCA TCTIBATCTC TTGACCTTGT B40 
CATCIGCCTG CCTOGGCCTA 0CCAAA5TGC TGOGAHACA GGTG6TGACT CCA0GOO06C 900 
CTATniTAA TITTT6TITG HTGAAATCG AATCTCACTC TCnACCCAC GTCGGAGTGC 960 
AATOGCAAAT CIOSGCTACT OCAACCTCT GCCTCCCGGG TCAAGCGAn CTCCTGTCTC 1020 
AGOCTOOCAA GCftCCTOOGA HAOGOGACC TGCAXACAC COOOCTAATT mGTATTTT 1080 
CATTAGADOC GGGTTTADCA TATnCTCAC GCIGGGTCTC AWTCCIGA CCTCAQGTGA 1140 
CCCACCTGCC TCAGCCTTCC AAAGTGC1GG GAnACAGGC GTGAGCCACC TCACCCAGCC 1200 
GGCTAATTTG CAATAAAAAA TATGTAGCAA TGGGG6TCTC CTATGTTGCC CAGGCT06TC 1260 
TCAAACTICT OGCnCASTC AATOCnCCA AATGADCCAC AACACCCAGC CAETCACATT 1320 
TTTTAAACAG TTACATCm AimASTAT ACTAGAAAGT AATACAATAA ACAT6TCAAA 1380 
C 1381 
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AD16C-SEQUENCE 

CCAnCHAC GTTGTCTCn ACCTGHAAA ATCAOGAGCT GACAAGAAAT GCTTACCAM 60 

AAAGGAGAAA TGCCASTCTA GTTAACA5TC AAGGAGAGU ATCAXAAGA TTATGTGGGT 120 

GGAAGAASTA GATGAIGIGG CTGATGAGTG «GT6ACTG/(6 CAAGOCTOOG COCAGCIGAA 160 

GAASGACTCA GAACTGOOCT TT6TTO0CAA CTAmGOOG MCOCCAXC TTCCCmTA 240 

TCTATACACC CACAGCM»G GAnCAGCCC MmXkk TGGGGGCOCC TCCACACCCC 300 

CTGCATCACC COCTGCAGAT OGCTCAOCTC CATTGCHOC CCCTCGGAM: CTCOCCICTT 360 

AOOGACCm OOCOOQGAOC ACAOCTCm OGCACTASTT CASAATDGTG ATGTGTGOGC 420 

CCCTCTOCCA TACTACAACA CCAGAAAGAC AAAOXGIGA IGITTGTCAC CTACAGTGAC 480 

TCTAGAGCCG TCCTGTmC ITCTGTCCCG TCCCAACCCA CCATGTCTCT TCGAGCCTCA 540 

AAATGGGAOG TATOCKSAC CAGCGCCCAC ATTCCAAGOC ATTmCTTC ACTOGAQCAT 600 

TTCCAmAA TATGCAAGAG CTGGTACTCA AQGTGAGAAT TCAGAACCCA TCTCTTCGAG 660 

AAAATGAnr CATTGAAAH GAACTGGACC GACAGAGCTC ACCTACCAAG AGTTGCTCAG 720 

AGTGTGTTOC TGTGAGCTGG GT6TTAATCC AGATCAAGTG GAGAAGATCA GAAAGHACC 7B0 

CAATACrCTG TTAAGGAA06 ACAAGGATGT TGCTOGACTC AAGATnCAG GAGCTGGAAC 840 

TGCnCTGAT GATACTGAAA ATAATniCT CnCACAAAT GCTGCATCAC ACTGACTGAA 900 

AOGCCTTGCT ATAUGGAGA GCTTCAAAAC TGACHACTA ATGCAGCAGG GACTTTTATA 960 

CTGAGTATAT GACACTGTGC ATCACCTCTG OOCCAAGGAC AAGOCATGAT CTAAATOOCT 1020 

CAGATGCCCG GGCCAGTCTG GTGCACTGCA TAGTATATAC GAACATCATT CTGCCCAAOG 1080 

•TAGGAAGCCC CATGACCCCC AAGCAGTGGT CTCCACTCTT CCAACCCTCT TCGTGCACAA 1 140 

TAAACCTTAT TGCTTGAAGC TTTGAAOGAC TGT6AGAATG GTCTOGOGAG GAOGAGAAOG 1200 

TGGAAnATA TGAGTG7CTT HGTATCCGA GAATGIAGAG AGTTCTCTGA AGACGACGAC 1260 

1GACAGAGAG CGGAOOCTAT HCTAGOCAC TCCTGHGAC AGTGCACCTG AAGGGCTGOG 1320 

ATGOGmn CTTGGTGnG CATGCTCACA ACTCTOCIGA CATTOGGAAC HATGACAGA 1380 

GGAACACTCG G6AAAGCACA GATACTGGAC AGATOGAnC TG6TGT0GGG AAAGCACAGA 1440 

TACTGGACAG ATCGTTCTA5 TGTGACnCT GACTGTGAGG mCCTATAA CATATTTATA 1500 

AATGTTCATC AGGTTCAAAA GTCTATAAGA ATAUGHOG AGACTGAATT GCTTOGAAAT 1560 

ACTTCGATGT TGGCAACCAA AAGAGCTTTC CCICCCTCAC nTTTCCTTT GTAACACTCA 1620 

TGACTGCnC TCTGTCTOGA GTCATCTCTG CAnAACTCC CCTTOGTGGT CACTAGAGGC 1680 

CTCTCTGATG CTTCTAAGAC ACTGCmTT ACATGCCACA CCCACOGCGT AGAGACAGOG 1740 

TCTCACTATG TGGCCCAGGC TGGTCTCAAA CTTCTGOCCT TAAGTGA7CG TCCTGTCCTT 1800 

CGCGCTOGGA AGAAAGTCGT GGGGATTACA OGTGTGAGCC ACCCGCCCAG CCCCTCCCTT I860 

GTCniCAAC CAATCGGAAC TGAAniAAC TAGATGTAGT AAXTHTn TTCmCACT 1920 

TCTAAAAAAG TTACACnTA CTAATAAAGT TAAGTCTGGT TCT6TCCTAG AC6AAATAAA 1980 

TTCACTAnA ATTCATGTCT TAAGTTACn COGTIAAAAC ACntCACCC ACCCAGATTA 2040 

ATTAAAGTGG AGCA6TGGAG CCOCIGGCTG GGGAGATGG6 CCTCCAGAGG AGCAGCTGCA 2100 

GGCATGnCT OGCTACACAG ACGCAAGCAA GGGACTOGTG TCTCT06TGA GAGGTGGGTT 2160 

TGATGTATCT CTGTCCTATG CTG6TCTCTC TTCTCCniA TAAATCCTCC TGTGGTCACT 2220 

6ACTAT0GTA TOGCAGTGAT CAGACTGCAC ATAGTAOGGT TAGGCTGAOC TTAATGTCTT 2280 

AATCATGTCA TTCGAGAfiAA GACADGTTTT GAnWlGCT TIGTGTAATT AATCAATCAA 2340 

GGAncmi niAGCTTTG TTGACGTGTA ATTCACCCCT CCTCCTCCAC TGCATATTTA 2400 

AAGCATGTGT TCACACTGTG TGTATACAn CACTGOGATT mTCGmG CTGCATTGCT 2460 

TGGACTGTTC ATAACATCAC AAGTATTATT CAAATAAAAT ATTAACTGAC CGAAAAAAAA 2520 
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H REG (BE 5 10 15 20 25 30 35 40 45 50 

[ 220 ] GA A17CC TGg^ TCAoG TCATC CtClC olgTC AGICT OX^A AGTGC TGOCA> 

AD^283 GA ACTOC TGACC TCAGC TGATC OGCCC GCCTC AGCCT COCAA AGTGC TGGGA 

niiEGGDC55 60 65 70 75 80 85 90 95 100 
[ 220 ] TgACA ^tT G-IG- OC-^ -OCAc ACcAg gucA -TC— AtCa- G-IT tlToT ^-loA> 
AQ^283 TTACA ACCGT GCAGA OCGCA CCCAG ACGAT THAA nCTT AACNT GOCAT CCTCT ACCCA 

H REG GDC 105 110 115 120 125 130 135 140 
{ 220 ] AGoAo AoAoo ACcH AoooT tglTA gCAAA toclo t6ACA> 
KO-ISS AGTAC AGACC ACHT AGTGT OCCTA TCAAA GOOGG AGACA 



FIG. 17 



AD2SP6F 110 115 120 125 130 135 140 145 150 
[ 62 ] — AA ItC-l C-CIG cCTCA GCClc glCog ccGcl CGgAT TACAG GcO 
EXQNI AA GCCAA CTCAG ADTa GOCAA CACGT AAGTG GGCAT TACAG GAG 



RAT PTP 605 

I 144 J <ACTC 

AD2-2 T7 ACTC 

RAT PTP 660 655 650 645 640 635 630 625 620 615 610 

I 144 ] <lcT-o ggoAg oGggg GHGA C— I ITGCT TTTGA loGoT GGT-c TogT- TTCoc TTtlg 

IWr2 T7 AGTGT TTTAT TGCTA GTTGA CAAAG CTGCT TTTGA ATGCT GGTGG TTCTA nCCT TTGAC 

RAT PTP 710 705 700 695 690 685 680 675 670 665 

I 144 ] <oCA-T oCAAl AqTGg oGolA -oooo ToCcA T-A-G GgCAg T-GA GGcA- AgooT GHIG 

AD2-2 T7 TCAn TCAAA ATTGC TGCCA GTGTT TTCAA TGATG GACAA TCASA OOGAT ATGCT GTTAC 

RAT PTP 745 740 735 730 725 720 715 

[ 144 ] <GTg A-Agg loTTT TTolT ToooT gTgco gggTT 

AD^2 77 GTA ATACT CCTTT TTTCT TCTTT CHH TTHT 



5 

-fVf cLll> 



JPTPAA m aiK 
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1-9oT7-3 3 140 145 150 155 160 165 170 175 180 185 190 195 
[ 206 ] KM GCCCc GCTM TIHT CTAH THAG T/CAG AcoGG CmC oCCgT CTTgg cCAGO 
/m-2S5 JmC GCCCA GCTAA TATH GTAH UIK TAGAC ATOGG GTTTC TCCAT CnCA TCAGG 

1-90-172 3 15 20 25 30 35 40 45 50 56 60 65 70 
[ 260 ) CIGGT cTgoA AITOC TGggC TgAoG IGATC ClOCa Giai gGOCT (XCAA AGTGC T0QGA> 

t-^T72 3 140 145 ISO 155 160 
[ 260 ] AG-AC AcA-l A-Tog AlTGo gcC-^ gaAAA> 
AD2-283 AGTAC AGAQC AOTT /IGTGT OOCTA TCAAA 



A0^2SP6 35 40 45 50 55 60 65 70 75 80 85 

[ 344 ] AgTGG CcCAA TClcG GCTCA CTGCg AgCTC C-oCC TOCOG gClTC Acllc oTTCT CCTGO 

AD2-2 SP6 AATGG CACAA TOCTG OCTCA CTGCA ACCTC OGCOC TCCOG AGCTC AAGAA CTTCT CCTGC 

AD16C-SP6 100 105 110 115 120 125 130 135 140145 150 155 160 

( 344 ] crCAG CCTC- TGAGl oGCIG GGAcT AUGG CGCcC oCCAC AcGCc gCTAA TtTH GTATT> 

A0^2 SP6 CTCAG CCTCG TGAGC CGCTC OGAH ACAOG CCCOC GCCAC AAGCG ACTAA TATTT GTATT 



AD16C-SP6 

[ 344 ] TTICT AG> 
AD2-2SP6 TITGTAS 



A016C-SP6 140 145 150 155 160 165 170 175 180 1B5 190 195 

( 206 ] ACcAC GCOCc GCTAA TITTI GTAn ITTAG TAGAG AcoGG GTTTC oCCgT GHgg cCAG6> 

AD2-283 ACAAC GCCCA GCTAA TATTT GTATT THAG TACflC ATGGG GTHC TCCAT GHCA TCAGG 

AD16C-SP6 20O 2(S 210 

I 206 ] oTGcT -CGA ICTCC TGA> 

AD2-283 CIGGT GTOGA ACTCC TGA 



FIG.17B 



AD16C-SP6 



5 10 15 20 25 30 
-AGA- TcTCg CTC-T G-Tco CCCAG GCTGo AGTGO 
ACAG THCA CTCTT GCTTG CCCAG GCTOG AGTGC 



13441 

A02-2SP6 



FIG 
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HRECGQC 3610 3615 3^0 3625 3630 3635 3640 3645 3650 3655 3660 
[ 118 ] — CC CC-oo gC-flC IGTlo oTccl C&<T A-CT GlgTG AGcTG AccTC AogcA C(£Gl> 
im CC OCTGT TCriG G6TDC CmC G6TAT AHCT GGHG AGATC ATATC AHTA 0G006 



HRECdlC 3670 3675 3680 3685 3690 3695 3700 3705 3710 3715 3720 

[ 118 ] GAA06 Cbgog ooTcc A-Tcc oCC-T gTHC TgTTc TCCcT gClTA gclcc AOGgo TgGAA> 

A03-4 GAAG6 (SCH TGTGA AGTAG GOCH ATHC TCTTC TCCTT TOGTA CAGOG AG6AT HGAA 

H REG CDC 3725 3730 3735 3740 3745 3750 3755 3760 3765 3770 

[ 118 ] cTgGg Aclgg CoT-o gAggo ooG-g TGAAC TC-cT CA-IT oogga oATgG oTG> 

AOH cm KMC GCIGT TACrC OGGrC TGAAC TCAGT CAOCT GGCTT TATOG TIG 

FIG. 18 



IIP0J-5T7 5 15 20 25 30 35 40 45 50 

[ 90 ] GATCC oAGCT ocGTA -CgcG TgcAT GCAcg tCoTo gcTcT TCTAT AGTGT CAO 

AD3-4 221 GATOC GAOCT OSTA OCAAG HGAT OCATA GCTTG ACTAT TCTAT AGTGT CAC 

18-4T7 155 150 145 140 135 130 125 120 115 110 105 

[ 362 ] <gTATg CgCcc gATAg TAT-t TAgcC TTTAG KCK ACTGG CgGCC GTTAC TACTG 

AD3^ 221 ATATA GACAA TATAA CAATA TATTC TATAC HTAC AGCAC ACTGG CA6CC GTTAC TAGT6 

18-4n 100 95 30 85 80 75 70 65 60 55 50 45 

[ 362 ] <GATCC GAGCT CGGTA CCAAc HGAT GCATA GCTTG AGTAT TCTAT AGTGT CACct -oAoT 

AD3-4 221 GATCC GAGCT CGGTA CCAAG TTGAT GCATA GCTTG AGTAT TCTAT AGTGT CACTA ATAGT 

FIG.18A 
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G2HPT7 

1148] 

A03-4SPF 



20 25 30 35 40 45 SO 55 
-CTT AoTA- gAlAg cloCI TA— AMlo AcTTA CoW» cT— CIITO 
CTT ACTAC CACAC AAXr TAQX AAAOC AHTA OCAA ATAAA GTATA 



Ctk^V 60 65 70 75 80 85 90 95 too 105 110 
[ 148 ] c6(C- cTTGA AAoCI otClg AlcK AcATA CTAU GoAAc cAAlC A-At AcAn> 

A03-4 ST GOCGA TAGAA ATIGA AAOCT GGCGC AATtt ATATA GTAX GCAAG GAAAG ATGAA AAAH 

G2A^ni15 120 125 130 135 

I 148 ] AT-Al oAAfr- -TAA- A^ AAGGA -gAA> 

A03-4SRF ATAACCAAOCATAATATASCAAGGACTAA 

AOH 215 210 205 200 195 1901185 180 

I 182 ] CCT ATAoA CglcG nC- TcooC goToA AGCAc ClGAc 



ADH 175 170 185 160 155 150 145 140 135 125 
[ 182 ] <T9Agt lCf&- oCcfig A-Gta oCAC- CgliC TocTA CHCA -ooTc cTC-C CTGCg ooAgC 
H REG GEIE ICAH GCAGC TCADC ATGGC TCAGA OCAGC TCATA CTTCA TGCTG ATCTC CTGCC TGATG 

AD3-4 120 115 110 105 95 90 85 80 75 70 65 60 
[ m ] <coogo Goool AogGC CtAcl TAAGc gC-CT TccCC cgtAA olgAt olcoT CTcoo CCoGA 
H KG GENE mCT GTCIC KAGC CAACG TWIGA TCTCT TTTCC ACCAA CCAAC ICTTT CTAGC CCTGA 

AD3-4 55 SO 45 40 35 30 25 20 15 10 

[ 1K2 } <AIA-T oCcCa oaccC CCCAA GoAcA gGGGo ggAoo OGAAA AAAAA AAAAA 
H KEG GEtC AGACT TCACT CTATC CCCAA GCATA OGOGT CTACT TGAAA AAAAA AAAAA 



HliEG 



CT ATAGA GATTG TIGAT TTGCC TCTIA AGCAA GAGAI 



FIG.18B 
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AD2-2n 535 530 525 520 515 510 505 500 495 

I 110 1 — — — <C«« AAcTo GClAc oCHW tgcAl TGCTC TATcA Igllo oAAcg 
ADM W CAGAA AAATT GCCAA GCTAA ACTAA TGGTC TATAA AAGCG TAAH 

AD2-2n 490 485 480 475 470 465 460 
{ 110 ] <mT -T-o GoCAc AAA-T ACAoA aocCA TG-A -AocA oGCcA 
AOMTTF T(X»T GTGIC (X»^T AAACT ACAGA GCTCA TGCTA GA6TA TGCAA 



1-9o 145 140 135 130 125 120 115 110 

I 142 ] — — — <AA -ITGg gToC- -Cggg cccCc cCTA- gAggT cgAcG gTAT- cGA-T 
AD4-4 T7F AA GTTGA TTGCT TCAAA TTTCT GCTAC TAACT TCAAG CTATG GGAGT 

1-^0 105 100 95 90 85 60 75 70 65 60 55 50 

I 142 ] <ooGcl IGTAl cgAoT TccGG AcTTT gcTT TT gGTTT TCcTT Tcclg TGooA AgGlT 

AD4-4 T7F TTGGC AGTAC TCACT TGAGG ATTTT TTTTC CAATT CGTTT TCATT TTTGT TGTTA AAGCT 

l-9fl 45 40 35 30 25 20 15 10 

I 142 ] <gGTlt TooAG TGAG- -AlAc AclTT ICC- GlogA ACoAg TGITC TAT 
AD4-4 T7F CGTAC nCAG TGACA CAGAA AAATT GCCAA GCTAA ACTAA TGGTC TAT 



FIG. 19 
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HFEGGDE 
I 278 ]- 



5 to 
-g MHC CIGGG 
AMTTCC1GGG 



15 20 25 30 35 40 45 
CTcM GTCAT CCICl coTgT coGlC TCCCA AAGTO 
CTGAA GTGAT OCTCC AGTCT TGOCC TOCCA AAGTG 



/016C-n-A 



HRECGENE SO 55 60 65 70 75 80 85 90 %I00 105 

I 278 ] CTOGG ATgAC AGGCl TGAGC cACco cdOCo gcOCo TcATc AgTll noTA lAocC -oooo> 

AD16C-T7rA cm ATTAC AGGCA TGAOC TACTG ACCCT AGCCT TAATG ATTAA TTHA GAGTG ATGGC 

HREGCEIC 110 lis 120 125 130 140 145 150 155 160 

I 278 ] ooooA OCT-l A-oA Altgt TA-gG cooAt AotGA cAAoT TgtAo lo-to tattc ttACo> 

AD16C-T7-A TTGTA CCTTC AAGCA ACATA TAGAG TTGAC ACAGA AAATT TCCAT GCTCC CGAGA AAACT 

H REG GENE 165 170 175 180 185 190 195 200 205 210 215 220 

[ 278 ] tTlCo -gATl lUal llTtT aaoCT CotAA GAatl galTA oTAAo TAoAA tTtoG lAT-> 

AD16C-T7rA GTGCT GCATG GGCCC OGIGT GCCCT GTGAA GATOG CCCTA TTAAC TATAA ATG06 CATTG 

HIiEGGENE 225 230 235 

I 278 ] l-oA- -IcTG l-cU TToA> 

AD16C-T7rA CACAT 0GTT6 CCAGC nCA 



FIG.20 
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iU)l6C 5 10 15 20 

I 266 ] oACgl TlcGA oCCTo lCgT9> 

fiuDon-PIP mo TGTGA GCCT6 ACCTC 



M)16C 25303540 45 5055 60 65 70 

[ 266 ] A«-c -ccGA TTttA GAgtT oolAc -qtfiJ -^C— ITcAA GggA- ocggg gCToT -go-> 
KiDon-f P AAOCA CASGA HCCA GAAAT GGAAG GATGT OOCH GTGAA GACAA GHCT OCTTT GTCTG 

AD16C 75 80 85 90 95 100 fOS 110115120 125 130 
I 266 ] gAKT -Ulc UCgg GgOGC -oTG GAAAl TllcT GTCTc oAloT GlgCt IGoAg gTACA> 
Hunon-PTP CAAGT TCAAA AACTA GAGGC AGCTC GAAAA TACAT GTCTA GAACT GATCC AGCAA TTACA 

AD16C 135 140 145 150 155 160 165 170 175 180 185 190 
I 266 ] ACcGl cTClA AAATT AAlCo ll-oo gspTo ggClc cglAg CTClg CCTGl -o-oT CcCog> 
HuBon-PTP AOGGA GTCAA AAATT AAACC GGACC ATCTC TCCAA CTCAA CTCAA CCTGG ACACT CTCTT 

AD16C 195 200 205 210 215 220 225 230 235 240 

I 266 ] CoC-t tTcgG gagGC Coo— gAcTg goggA TcocT TcAg- ccCog gAo-t TTcoG AcgCc> 

Hmn-f TP CiaC CTGAG TTTGC CTTGT TAATC ITCAA TAGTT TT/«X: TACCC CAGTC TTTGG AACCT 



205 

-VPCEDr> 
VPCE DK 

RPTPAA 115 120 

[ 33 ] SgSLf LyKsW 0> 

TronsloUo SSaC LPKCW D 



AD16C-T7-A 
133] - 
1PTPAA 
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ALfGMCNT OF yU)IGC-SP5 cDNA WITH AD2-2 SP6 cONA 



AD2-2SP6 40 45 S0 55 60 65 7D758085 90 
I X2 ] aiOC T-TG- -CCC AOGCT GgAGT GCAaT GGCoC AATCc tGOCT CACTG CoAcC TCCcO 
AD16C-SP6- CTOOC TCTGT CAOCC AOGCT CAAGT OUCJ GOCCC MTCT OOGCT CACTG 06AGC TOCAC 

AD2-2SP6 95 100 IK 110 115 120 125 130 135 140 145 

I 362 J CTCCC GoGcT CAogo oeTO TCCTG OCTCA -CCC TC-G ^TG ABceG CIGGC AITAD 

AD16C-SP6- CTCCC CGGH CACH CATO TCCTG CCTCA CTGCC TCAGC CTCTG AGTAG CTGGC ACTAC 

AD2-2 SP6 ISO 155 160 165 170 175 - 180 185 

( 362 ] ACGCG CgCgC OtOl oG CgoC TAft-T oTTTG TATTT TT-GT AO 

AD16C-SP6- AGGCG CCCAC CACCA CGTCC CCTGC TAAH TTTTG TATTT TTAGT AG 

AD2-2S3 50 55 60 65 70 75 80 85 90 95 100 105 
[ 374 ] CCoTG TTcal CAGGc TOGTg TGGAa CTCCT GACCT OGTGA TCOGC COGCC TcoGC CICCO 
AD16C-SP6- COGTG TTOGC (MCk TGGTC TOGAT CTCCT GACCT OGTGA TCCOC COGCC TTGGC CACOC 

AD2-283 110 115 120 125 130 

[ 374 ] AAAGl G-cTG GGATT ACAoG CGTGO 
ADI6C-SP6- AAACA GTTTC GGAH ACAGG CGTGC 



FIG.20B 
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AD3-4 AD 2-2 AD 3-4 




FI6.2IA FI6.2IB FIG.21C 



AD3-4 CLONE 
C C C C A C A A C C C A A A A_C 




CCCCA CAACC C AAA AC 
*27 NORTHERN 
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C2>2Psl-4n3F SEQUENCE 

Sequence Range: t to 251 

TGCAG CMTG GCAAC AMST CIGCA AJCTA UAAC lOGCG AACTA CTTAC TCTAG CTTCC 60 
OGGCA ACAAT TAATA CACTC GATOG AOGOG GATAA AGTTG CAKA CCACT TCTGC GCTCG 120 
GCOCT TOOGG C10GC TGGH TATIC CTGAT AAATC TG6AG OOOGT OG«C GTGOG ICTOG 180 
CGTAT CAnC GAGCA CIGOG GCCAG ATOGT AUOC CTOOG TATOG TACTT ATCTC ACAGC 240 
A006A GTCAG G 251 

FIG.22 



G2-2Psl-MIJ? SEQUENCE 

Sequence Ronge: 1 lo 242 

TGCftS GAGOG GGGAG GCADG ATGGC CGCTT TGGTC COGAT CHTG TGAG6 AACCT TACTT 60 
CTGTG GTGTG ACATA ATTGG ACAAA CTACC TACAG AGATT TAAAG CTCTA AGGAA AIATA 120 
AAATT THAA GTGTA TAATG TGTTA AACTA CTGAT TCTAA TTGTT TGTGT ATTTT AGATT 180 
CCAAC CCTAT GGAAC CTGAT GAATG CCAGC CAGTG GTGGA ATGCC TTTAA TGADG AAACC 240 
TG 242 

FIG.22A 



G2-2Psn-£coRl-MI3f SEQUENCE 

Sequence Range: 1 to 208 

TGCAG CAATC THCT TATAT ACATG CTTAA TAGAT AGCTA CTTAA AATAA CTTAC ACADG 60 
HTTA GAGTT GCTTG AAAAC TATCT GATCA A6ACA TAGTA ATTGA AACCA ATGAA TACAT 120 
TATAT AAAGT AAAGG AAAGG AGAAG AGAGG AAAGG GAGGG GAAGA GGAGA GGGAC GGACA 180 
AGCGA GAAAC GAAAG GGAAG GGAGA AAA 208 



FIG.22B 
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Geo2-2Psl1-£coRI-i<13R SCOUENCE 
Sequence Range: I to IS2 

CTCAC TAAA5 GGATC AAOGA ATAAT THCA ATHC /UGTC UKA HTM TAAAT ACAH 60 
CATM GGCTA TAACT AOCAT AOCn GTCAT HCTC TGATT AATTT AAAAA TAMT TAAAA 120 
CaOG AAACA Ann AOCAT TCTAC GAAGC CA IS2 

FIG.22C 



G2-2Psl!-£coRI-T7 SEQUENCC 
Sequence Ronge: 1 to 338 

AATCT ATCn ATATA CATGC nAAT AGATA GCTAC nAAA ATAAC nACA CAOGT mAC 60 
ACnC CnCA AAACT ATCTG ATCAA GACAT AGTAA T((M ACCAA TGAAT ACAn ATATA 120 
AACTA AAOGA AAG6A GAACA GAGGA AAGGA GOGGA GAOCA GAGGA GGACA AGOGA GAAAA 180 
CGAAC CGAAG GGAGA AAAAC GGGGA AAGOG AGGTA GAGAG AGAGA GAAAA AGTGC TOGTC 240 
ATATA GTAAC TGTAC ATnT AACn TTTAA GAAAC TACCC TACTC TATTC CACAG TGATT 300 
GTACA TCTGC Ann ACTGC ATTAT AGAGA TCAn TC 338 



FIG.22D 



G5dPsl-U13R SEQUENCE 

Sequence Range: 1 to 169 

TGCAG GAGTG GOGAG GCACC ATGGC OOCn TGGTC CGGAT CTTTG TGAAG GAACC TTACT 60 
TCTGT GT6TG ACATA ATTGG ACAAA CTACC TACAG AGAn TAAAC GTCTA AGGTA AATAT 120 
AAAAT TnTA GTGTA TAGGT TAAAC TACTG ATTCT AATGT TGTCT AnT 169 



FIG.22E 
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C5d Psl-T71 SEQUENCE 

Sequence Range: 1 lo 209 

CCCCG GGCTG OOCk ATGGC AACAA CCTCT GCAAA CTATT AACTC COGAA CTCAT TCATC 60 
TAGCr TOOK OOUC MTTA ATGAC IGGAT OSNX OOCAT AWT TGCtf GAOCA OTCT 120 
OGOGT GOOrc nOGG GC10G CTG6T TTAH GCIGA TAAn CA006 TGOGA GTG6C TOGOG IBO 
TATCA TTOCC GOT GGGCC AGTAG CTAC 209 

FIG.22F 



G5dPsll-EcoRl-SP SEQUENCE 

Sequence Ronge: 1 lo 272 

CnGCCCnCATOGAGTaT/OGCOSATCAGCMMTttA^ 60 
CTGAA CCAGG HCAG GAAAG CATTT TCCAG GTCTC CTTTA ACCTC HTCC TGATG CTTTC 120 
CAACA TGTCA TAAGG GCTGT AACTC TTGTA CCTAT CAAAT ACHT CTGGA GGTGG GGACA 180 
CGCTC CGCTC GGia TGATG CTGAT CCACT TGOGA ACATC AGTTC HTCC TCTTC ACTCC 240 
AGCTG CATAG AGATC CGAGG ACTCT TGGTC AA 272 



FIG.22G 



G5dPsll-EcoR1-l7 SEQUENCE 

Sequence Ronge: 1 to 278 

ACGGC CCAGC HCCT TCAAA ATGTC TACTG TTCAC GAAAT CCTGT GCAAG CTCAG CHGG 60 
AGGGT GATCA CTCTA CACCC CCAAG TGCAT ATGGC TCTGT CAAAG CCTAT ACTAA CTTTG 120 
ATGCT GAGCG GGATG CTTTG AACAT TGAAA CAOCC ATCAA GACCA AAGGT GTOGA TGAX 180 
TCACC ATTGT CAACA TTTTG ACCAA CCGCA GCAAT GACAC GAGAC AGGAT ATTGC CTTCG 240 
CCTAC CAGAG AAGGA GCAAA AAAOG AACTT GCATC ACA 278 
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ALICmENT OF G2-2Psll «iih HUMAN REG GEfC (l) 

H REG GENE 3405 3410 3415 3420 3425 3430 3435 3440 3445 3450 3455 
[ 228 1 — « CAATo GCAA- -AgCo ooCgA AAC-A oTAU ToK- AAr^g tTTAt TCTtc Cniq> 
G^2Psl-U13F AGCAATGGOACAACCTCTGaAACTAnAACTOGCG AACTACnACrc^^ 



H REG GETC 34653470 3475 3480 3485 3490 3495 3500 3505 3510 

[ 228 ] IGICA gCAlT TclgA CI9TG cAcoc AOGCc cAglg A-Hc CAtG- -lAlT TlTGo G-T-O 

G2-2Psl4lt3r CGGCA ACAAT TAATA GACTC CATGG AGGCG CATAA AGTTG CAGCA CCACT TCTGC GCTCC 



HRECGEN3515 3520 35253530 3535 3540 3550 3555 3563565 3575 3580 
[ 228 J cCCoc TgCct CTGtC TGG-c ccTTc CccAT AgAoC cGccG CtOGT gGAGC GTOOG TCcCt> 
G2-2Psl4H3F GCCCT TCCGG CTGGC TGGn TATTC CTGAT AAATC TGGAG CCGGT CGAGC GTGGG TCTCG 

EXON 20 25 30 35 40 

I 124 ] C TGGco CIG(>- oG-co CTGOG TCcCl> 

G2-2PSI-W13F C TOGAG CCGGT CGAX GTGGG TCTCG 



H REG GENE 3585 3590 3595 3600 3605 3610 3615 3620 3625 3630 

[ 228 ] jGTcT CcToC cAGtc CTGGG (rO^ ITGG- -AGCC CcooG cAr-G T-GTT A-oTC clgGD 

C2-2Psl-«l3F CCTAT CATTC GAG Q CTGGG GCCAG ATGGT AAGCC CTCCC TATCC TAGTT ATCTC ACAGC 

EXO^& 45 so 55 60 65 70 75 80 85 90 95 

[ 124 ] jGTcT CcToC oAGlc CTGGG G-CA- ITGG- -AGCC CcooG (JWJ T-GTT A-oTC clgGO 

G2-2Pst-UI3F CGTAT CATTC GAC D CTGGG GCCAG ATGGT AAGCC CTCCG TATOG TAGTT ATCTC ACAGC 



H REG GE^C3635 3640 
[ 228 ] ActGl GTqAO 
G2-2Psl-M13F AGGGAGTCAG 

EXOte 100 105 

[ 124 ] AclGl GTgAO 
G2"2PsHte3F AGGGAGTCAG 
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ALIGMCNT <F G2-2Pst with HUUAN REG GENE (2) 



HREGGQC 3155 3160 3165 3170 3175 3180 3185 3195 3200 

[ 194 ] —AG CACoc tlGtC GU-o AoolC IGCTg clGTo ClGcT CoTT- TG^» AAOCT Ih^h 

G2-2Pst-in3R fC GfDOS CCGK OCAOG ATGGC CCCn TOGTC COCAT Cmc TGAGG AAOCT TACTT 

HRECCEN3210 3215 3220 3225 3230 3235 3240 3245 3250 3255 3260 3265 
{ 194 ] oTocl ooaTo AlATA A-Tol AlcAA CoACl oAlgG tcAgc cAAlG CToTg clG^ ATATg> 
G2-2Psl-ti13RCTGTG GTGTC ACATA ATTGG ACAAA CTACC TACAG ACATT TAAAG CTCTA AGGAA ATATA 

H REG GENE 3270 3275 3280 3285 3290 3295 3300 3305 3310 3315 3320 
[ 194 ] AgggT ccT-g CgccA cAAoC oeooA AAoT- CaCgo oCcAc TT-TT TooCT gogaT Aciri> 
G2-2Pst-*ll3RAAATI HTAA GTGTA TAATC TGTTA AACTA CTGAT TCIAA TTGTT TGIGT ATHT AGATT 

HREGGEN3325 3330 3335 3340 3345 3350 3355 3360 3365 3370 3375 
[ 194 ] ggglC tCTgT -cAAo ITcAT oAcoc ItAtl tclTG GTGGA AToCo gTTAA TGAG> 
C2-2Pst-U13RCCAAC CCTAT OGAAC CTGAT GAATG GGACC CAGTG GTGGA ATGCC THAA TGAS 



G2-2Psl4lo7 ISO 155 160 165 170 175 180 185 190 195 

[ 130 ] ^TA oAlCl CgoGC cGG- -TcCA GC-GT GCCTC ICgcG ToTCo TlCgA GcoCT> 

am TA GAACC GCCGC TGGCA CTGCA GCA6T G06TC CCTGG TCTOC TACAA GTCCT 

G2-2psl-UI3r 200 205 210 215 220 225 230 235 240 245 250 
[ 130 ] OGOGC -coG A-lgg tAAGC ccTcc gUTC gToGl TA-Tc TcocA GCagG gogTC Ag6> 
EX0N5 GGGGC ATTGG AGCCC GAACC AGTGT TAATC CTGGC TACTG TGTGA GCCTG ACCTC AAG 
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ALlGMyENT OF G2-2PST-EC0R1-T7 WITH HUMAN REG GENE 



HREGGEK 535 340 345 350 3S5J60365 

[ 132 ] ^AT AGATA ICTAC HlAl IcgAl HAaA ItCTG -TnA> 

6^2PST-£CGRI T7 AT AGATA GCTAC HAAA ATAAC HACA CACTG JJUk 

H REG GEfE 370 375 380 »5 390 395 400 405 410 415 
[ 132 ] -GTo ITTIA UA-T ATITI gTlA- A-T- ccAlT TG-tc CCAAT IcATA lAcT- TAT> 
G2A-EP T7 GAGTC CTTGA AAACT ATCTG ATCAC ACATA GTAAT TGAAA CCAAT CAATA CATTA TAT 



RATPTP 740 735 

[ 82] CTqAAqqlATT 

G2-2PST-E00R1-M1 TAAAT 
ACAH 

RATPP 730 725 720 715 710 705 700 695 690 685 

[ 82 } <-TU oUTA -Mlg IgCA- ggGTT -ocA- ToCoo ToATg gAgoT AAAAA TAcco TAggg 
Gcn2QEIMte CATAA GGCTA TAACT ACCAT AOGH GTGAT TTCTC TGATT AATTT AAAAA TAAAT TAAAA 



RATPTP 68675 670 665 660 655 

[ 82 ) <CgaGG cAAGA ATgTT — Ig TCTAG 6AAG 

G2-2PST-EC0R14II CCTGG AAACA ATTTT NXM TCTAG GAAC 
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Hunoft-PIP 270 280 285 290 295 300 305 310 315 

[ 166 ] AcCIG GlGcl gTgCT cAC-€ cAGgc cjoGG gtgC- cHtg TgGcC T-iA: t6All> 

GSdPsl-l AACT6 GOGM CTACT TACTC TAGCT TOOOG CAACA ATTAA TAGAC TGGAT G6AGG 

Hann-PIP320 3^ 330 335 340 345 350 355 360 365 370 

[ 166 ] ao&^ AgAGT gGCAl GAtgA OTCo olG-T CIG^ oTT- GGC— <fcc oTgAc ccCdO> 

G5dP$t-t OOGAT AAA6T TGCAG GACCA CTTCT GOGCT CGGCC CTTCC GGCTG GCTGG HTAT TGCT6 

Hunon-PTP 375 380 385 395 400 405 410 415 420 425 430 435 

[ 166 ] AoAgA oCoGc cGClG GgGAC 0GT06 GTCcC IgGTc TCcTo coAGl cCTGG OG-CA -ITG6> 

GSdPsl-l ATAAA TCTGG AXOG GTGAC OGTGG CTCTC GCGTA TCATT GCAGC ACTGC GGCCA GATGG 

HinoA-PTP 440 445 450 455 460 465 470 

[ 166 ) — AGC CCcoo GcA- GTGtT oATCc IggCl ACIGI GIG-A -CcO 

GSdPsl-l TAAGC CCTOC GTATC GTOGT TATCT ACAOG ACOOG GAGTA CGGC 
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HREGGEX 



80 85 90 95 100 105 110 115 
AG GC-Cc ATcot CogTT T— T- tolAT ooogo ooAAo oAACC TTAoO> 
K GCAOG ATOGC CGCTT TGGTC CGGoT CTTTG 7GAAC GAACC TTACT 



[158] 



CSiS>sl-ll 



H REG GENE 120 125 1» 135 140 145 ISO 155 160 165 170 175 
[ 158 ] otTGT loGgc AoATA cTolC ACAAA -Ttgt oAUl AlATT cltAC oTtTc ACoT- -lTtT> 
G5(BIH1 TCTGT GTGTC ACATA ATTQG ACAAA CTAOC TACAG AGATT TAAAC GTCTA A06TA AATAT 

HREGGEff 180 185 190 1195 200 205 210 215 220 
[ 158 ] AtllT TTooA cTGTA TAGoo TtgAt TAoTo AoToa AAT-T T-oGT An> 
G5ig>sl-U AAAAT TTHA CTGTA TAGCT TAAAC TACTG AHCT AATGT TGTGT AH 



GSdPst-t 125 130 135 140 145 ISO 155 160 165 

[ 118 ] ^TA oAlCl GgoGC cGG- -T-CA GC-6T GGGTC ICgcG ToTCo TlgcA GcoCT> 

EX0N5 TA GAACC GCOGC TOGCA CTOGA GCA6T GGGTC CCTGG TCTOC TACAA GTCCT 

C5dPsl-t 170 175 180 185 190 I9S 200 205 210 215 220 

{ 118 ] GOGGC -coG A-lgg lAAGC ccTcc gUTC gTOCt TA-Tc T-ocA — cG ACggg gAGtA> 

EX0N5 GOGGC ATTGG ASCCC CAAX ASTGT TAATC CTOGC TACTG TGT(» GCCTG AOCTC AAGCA 

G5dPsl-t 

I 118 ] C-GG> 

D336 CAQG 
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